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PREFACE 


/ 


In the execution of “Holes, Contours and Surfacesthe 
authors have had the great advantage of starting with the material available in the pioneering 
book entitled “Precision Hole Location for Interchangeability in Toolmaking and Production 
published by The Moore Special Tool Company in 1946 and enthusiastically received in the 
metalworking industry. Now out of print, this was the first authoritative book ever published 
on this vital phase of toolmaking. 

Since the publication of that volume, the techniques of precision location have been extended 
from holes to contours and surfaces. There have also been many other major developments, including 
measurement and inspection techniques. These advances are fully described for the first time 
in this book. 

The authors are indebted to the following companies, organizations and institutions for their 
cooperation in providing source material: American Bosch Arma Corporation; B and E Tool 
Company; University of Chicago; Allen B. Du Mont Laboratories, Inc.; Eastman Kodak 
Company; The Gaertner Scientific Corporation; General Electric Company; Gillette Safety 
Razor Company; Harig Manufacturing Corporation; Hilger & Watts Ltd., England; I-T-E 
Circuit Breaker Company; Koiler Die & Tool Company; The Lux Clock Manufacturing 
Company; Lycoming Division of Avco Manufacturing Corporation; National Physical Labora¬ 
tory, England; Remington Rand Inc.; Robbins & Myers, Inc.; Taylor, Taylor and Hobson, 
Ltd., England; Tippett Jig Bore Company; Victor Adding Machine Company. 

We are also grateful to the following for reviewing parts of the book and giving us the benefit 
of their experience and advice: Fred Dingelstedt, of the Sperry Gyroscope Company; Burnham 
Finney, editor, and John P. Wright, associate editor, of American Machinist magazine; 
Mrs. C. E. Arregger, development engineer, of Hilger & Watts Ltd.; R. H. Cunningham, Jr., 
Albert Johnson, George Lamb, Jr., Anto Lindberg, Richard Parnoff, Herbert Randlette and 
Edward Shaw, Sr., all of The Moore Special Tool Company. 

To Matt Farrell and his associate, William McAleer, goes credit for most of the photography 
in the book. Philip Segneri has also made important photographic contributions. The wash and 
line drawings are practically all the work of F. R. Gruger, Jr., and his staff. Styling, typography 
and printing were executed by George G. Adomeit and his associates at The Caxton Company. 

Fred Wittner and staff at Fred Wittner Advertising supervised the entire publishing project. 

Richard F. Moore — Frederick C. Victory 
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INTRODUCTORY 


^Xodern technology has advanced at so rapid a 
pace during recent years that fundamental processes are in danger of being overlooked. 
Automation holds the spotlight, and basic skills are being transferred from the man to the 
machine to such an extent that it might appear that the craftsman must soon disappear from 
the industrial scene. Such, of course, is not the case. The more automatic and the more complex 
production machines become, the greater is the need for expert workers —not to operate the 
machines, but to turn out the tools and fixtures that make the equipment capable of producing 
accurate work. 

Unlike the conventional drill jigs of only a few short years ago, in which bushing holes were 
positioned to within a thousandth, or at best a half thousandth, the new equipment demands 
accuracy to hundredths of thousandths, even to millionths. 

To meet these demands, The Moore Special Tool Company developed its first jig borer in 
1931, followed it in 1940 by the first jig grinder, and has pursued a constant program of im¬ 
provement up to the present time. With these precision tools, it became possible for the tool- 
maker to meet the increasing demands for closer and closer accuracy. The machines were 
there, but where were the men to operate them? Jig boring and jig grinding called for a new 
skill to be learned by the toolmaker — and there were no textbooks available. Learning by 
doing was possible, but could prove costly in terms of spoiled work and wasted time. Yet it was 
not feasible to send all operators to special training schools, nor to have a factory-trained 
instructor spend weeks in every customer’s plant. 

Moore solved the problem —transferring its own skill to its machines through the medium 
of a book, “Precision Hole Location,” published in 1946. 

Now, in this new book, “Holes, Contours and Surfaces,” Moore passes along another 
important volume of information gathered from its own thirty years of experience in the field. 
It deals with hole location, too, but goes much farther and considers the grinding of contours 
and surfaces and the newly developed technique of linear form grinding, as performed on a 
new machine just introduced by the company. 

Like its predecessor, this book is outstanding for its clarity of expression, its technical 
accuracy, its excellent illustrations, and the remarkable craftsmanship of its two authors, 
Richard F. Moore, president of the company, and Frederick C. Victory, chief engineer. To 
an extraordinary degree, they have succeeded in putting their own knowledge onto the 
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printed page, and doing this in a manner that permits the reader to acquire that same knowl¬ 
edge for himself with a minimum of time and effort. 

It is, first of all, a technical book, but it is eminently readable and, from the standpoint of 
one who has spent his life in the publishing business, an excellent example of the highest 
quality of typography and book publishing. For this, Fred Wittner (Fred Wittner Advertising) 
deserves praise for his work in organization and presentation. It is not a book for the Ivory 
Tower scholar; it is a working man’s book; a book for the tool engineer, the process engineer, 
the toolmaker, and the jig borer and grinder operator. It fills an urgent need and should live 
long on the bookshelves and work benches of the American Metalworking Industry. 

Burnham Finney 
Editor , American Machinist 


New York City , December 15, 1954 
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THE PROBLEM OF LOCATION 
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HOLES, CONTOURS AND SURFACES 


To evaluate the economic aspects of higher 
locational accuracy, the possible advantages 
must be convincingly demonstrated. This is 
possible in most cases. Typical considerations 
may include: 

1. More rapid and economical production of tools 
through interchangeable parts made to figures and 
not just to fit. 

2. Better quality tools capable of producing more 
accurate and cheaper products. 

3. Cheaper and more accurate experimental, 
model work. 

4. Tool-less production of pilot-run lots of prod¬ 
ucts requiring locational accuracy. 

Gready weighing the balance in favor of 
higher accuracy is the availability of special¬ 
ized equipment such as the modern Jig Borer, 
Jig Grinder, Form Grinding Machine and 
Measuring Machine, Fig. 4. Use of these 
engineered solutions to locational problems 
reduces the price of precision. So significant 
has been the effect of their introduction to the 
toolmaking industry that those who use them 
enjoy a strong competitive advantage over users of the 
buttoning , layout and transfer methods of location. 

The introduction of new equipment re¬ 
quires new methods in order to realize the 
fullest gains. Ingenious though the machine 
designer may be, he has not yet found a me¬ 
chanical substitute for common sense. 

Repeated reference has been made to the 
toolmaker’s location problems, because his is 
the primary need for accuracy of location. 
Once established in the tool, this accuracy is 
reproduced in the final product. He has had 
few aids in contending with this problem, the 
wide variety and non-repetitive nature of his 
work precluding his own use of jigs and fix¬ 
tures, the conventional locating tools used by 
production workers. 

Having started as a contract tool and die 
shop, it was logical for The Moore Special 
Tool Company to be keenly aware of these 
problems. In 1930, it undertook the develop¬ 
ment of a Jig Borer especially designed for 
rapid, accurate toolroom use. The need for 


a machine to serve the same purpose in 
hardened material led to the development of 
the Jig Grinder by Moore about ten years 
later. Today the Jig Grinder grinds enclosed 
contours as well as straight or tapered holes. 
A Form Grinder, which combines diamond- 
dressing and roll-crushing of wheels with 
surface grinding in one compact machine, 
was recently added to this array of related 
toolroom equipment. The Moore Measuring 
Machine, Fig. 4, was introduced to provide 
the ultimate in precision and efficiency in 
verifying the accuracy of work produced on 
the Jig Borer, Jig Grinder and Form Grinding 
Machine. It also measures many unrelated 
types of work. 

These machines have made it possible for 
the toolmaker to allocate his time more effec¬ 
tively to other phases of the job. Location of 
holes, contours and surfaces becomes the func¬ 
tion of machine operators. 

Analysis of the principles, equipment and 
operating practices in the precise location of 
holes, contours and surfaces, in answer to the 
problems posed in this chapter, will form the 
subject matter for the remainder of this book. 

A representative selection of workpieces 
will illustrate the principles and practices to 
be discussed in the following chapters. How¬ 
ever, the desirability of an all-inclusive 
“classic example” led to the choice of a high 
production, progressive lamination die, Fig. 
5. In this role it conforms to all of the require¬ 
ments, including: 

1. It is a practical product of engineered locating 
equipment and methods. 

2. It incorporates virtually the ultimate require¬ 
ment of each phase of precise location of holes, 
contours and surfaces. 

3. Its products, stator and rotor laminations, are 
so common that it represents a universally 
recognizable problem in diemaking. 

4. While each of its stations and component parts 
provides a suitable example for illustration of a 
locating method, the interdependence of these 
locations establishes a continuity of illustration. 
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IM PROVI S £ D LO C AT ION EQUIPMENT AND MET HO D 5 



Lcx;atk.o:T m; plagued ibr toolmaker situ/- of methods. Since tenum iocnino techniques- 
the bqfomiug of our meefuimeaj err,. Until are more adaptable i<* s<.nnr mschining 
the fairly recent dev elopment of engineered methods than others, and vice versa, a sim.abk- 
Ideation equipment and methocis (Chapter combination is determined by fch< nature of 
4 ,% he was entirely dependent upon his own thpjota Crider these conditions, the toolmaker 
skill in using such ioolrddih machines and has nacUrciive shortcut to accuracy 
th.gA.surthe instruments as he had available. The potential accuracy of each operation 
Before the edgi- is lessened by the number of stepsTnvolved ;N 

necred inTthq^lfr ejf^mifte what the tool- It is stffl} further reduced by the transition 
maker did and hi many cases is still doing error introduced between each of the ihrra 
-- without a.hcm. It wit! help us to under- baste operations. This transition eieor results 
stand the signilicau.ce of the toolroom evdlu- from the. fact that the workpiece must U 
lion that i$ ‘.veil under way. moved and re-located for each opera I ion. and 

LetVfmsi rake, a look, m vv.hm the toolmaker. h is htrpossil.tle fo'predict the ffiugwcudc til" 
left t*T hi* ovm devices, has done about foefo the fihhlerror. Whenrve? die human ctenumi 
lion. This will nVvcai the lediotfe and imefli- as Hajoes fr:j <v these meikvcb b.- 

dent methods, thegi^ rcason^ldy aCcwchtc^ -eoh&*ta ted foe&h$t$i£ttr fti , 

w hich hr developed for himself. Then vveWli The first optTaiion,Tk cbmrndniy 

take up the economic reasons behind the pres- accomplished bv one of three .method,*, hr., 
cm evolution and dispiacemem of i'mprovised htvom, bmmrung Or transfer; each of which.. 


methods-. 



in iuvu. pennies a. choier of techniques 

• :m. 

i : £ach pr 

oblcqi of local 

ion can be ? 

>roken foUcHvs: \ - r ; . .* . ' ,/ .. 


down iri to 

ilp;ceba% : iTf: 

>erahom: 

A. layout or scribing of lines on the \v) 

ark- 


1. Locating, -or establishing dig desired position piece, which. In ihcir iriterseedon. indicate 

of die finished hole in the workpiece the chaired position of the finished hole. Em- 

2 . Mocblmng, or . removal of material. ’to pro- phasis b.v a prick-punch mark b hoc e.ssar\ »o 

duce a hole of the desired size And as nearly as provide an udeepiate mark by which this iu- 

po^ihle hi the. position determined by the ' tersecbim can beaaligued with the axis of ihe 
loeatipg methud employed^ 'em ring (oof This additional step fun tier 0 - 

3. i«up*cHom or checking location of the Finished duces. scribing acebrvKA 

hole todclwii««c whether it is within aca.pta- 1; A , ;ulnbni ^;,, r[ ^uak^r.d hand «Wm S the 

hk Urnm. to whether correction is nemsarv qUl(rk ,,,, hot fean ,.o,rat* ./ the UyhtU me.).- 

f .,iCh oi tfese Separate OjX'rations nr.iv hr ^ds.rthe coarseness of seals ^raduatiopfe nro.-;. 

;iccrxnpliih*'d >,vi!h var. inis rt'stilts t.-\ a varietx siiy of rending against the ed$R’,ol the stjuarv 







A lap »n one direction almost invariably dis¬ 
placed uHi the other diYecurim Final 'ugbeen- 
ins; of the screw often shifts the btmcm v ln.a'k- 
mg' it necessary id r^-chejck aud 
1- A height gageri sometime mm aya mevmr of 
establishing ihe Iq't^don of the bufltdirp. iV pri>~ 
vide* anrnewhai higher accuracy than when 
osed for laying put» since the pride-punch error 
is eliminated 4 . . A 

2 Gage blncifek toj^etber with mi indtsator, make 
it possible To locate a button witliin -h.0001^ 

• Fig. 7, : ' - ( 

C* Trofiftf&n or establishing the desired posh 
ban of the finished hole m the workpiece by 
idhting it ?>) a corresponding hole in a match¬ 
ing; piece This method h most often used 

is mere, 

unportant than their location to dimensions, 
Frequently, the exact location of the -origin#! 
hole W not known or need not be determined 
I . Spectai prick-punches guided by the hole in the 
existing piece may be used to mark the desired 
location l on theworkfuepe, . \ 

2. The original piece may be used as a guide or 
jig when drilling the workpiece. 

3 indicating the hole in die master, which is 
clamped XO the workpiece prior t& boring, is 
die most accurate of the transfer techniques 
This permits accuracy' approximately equal to 
that attainable by buttoning. 


Fi%k h — F A? of a" special; lapped ‘scribe *, and gag* 
IdnekyjAr taymiL 


null fhe uncertain angle of the scribe* ilJ Unlit 
. arait^ey ' ^ . ' '• 

h frofii surface gage permits some what higher 
accuracy, since it eliminates error* resulting 

from readhig gT^du f >ti»;u5 against an ribscuring 

edge •arid 1 v#riabit: scriber : ahgl£,;f 
k \ height gage is mure duxiu ate mti l om enient 
than either of the pterions metbock 
4* Sbgiuiy less h^mK’ but :mpfe.arirur^ie'ii^;'pfan^r- 
gngAt *ei to 3 'micrometer oilfpei 
The highest accuracy possible with the layout 
iPCthod remits from ose of gage blocks atid a 
>peci;if toppsri acriteiv Fig; VEveu so, location 
of the final prick-punch mark cmWi he. ex- 
pecicd m V^ ;elP?^sr dhab T.tKKlTA and may 
pppreseiu a si^niWnljy gptriler error- 
8. Buttoning, dr *«esi^ft[listhtr^;-loch- 
non of the finished hole ih the workpieer fey 
means of a tyyJjndm^l- u^liria^yr 1 ^ buf.iun. 
AVitp a <tt>fe workpiece, rhe button is attached 
rhF >yprk by .s^ye.'V'..ih.'; a;. Iiolf;: 
ripped in approximately tin first red position. 
\V here : u bpk; U tri.be redqdatetf j n a hardened 
pi -itix', ri)p hod on Ls. fastened through thc./\x~ 
istihg bole, In eithet xme t the screw is iodic 
enough in 


Ftp '7 : ~ Locating button on dir block: This fy an 
extremely paiiistakiti^ operation since the button mist 
be ai\t>ped fie/tip directions y 


rut on id permit it voveim'n f, so 
itot the lauer can be moved to desired pdsiW 

\ion ifdri the •screiv tighieiiecl This poMrionmu 

is i\ pain^ aikinc r Ape} ledioiis opera lion, I jecatBr 
rh» v fair ton tmoft be dlighed in two directions. 




The tiuie-homwd saying, “There Is raaay transfer, #kp it 

M- siipi between ihe eiJfp and ihe |ip^ invest often of trah^uqq q*j 

occur to the exasperated toolmaker as he , .rcgardh'v; of wl 

jahqrgby one of the rnethbd.r out lined to place oi ^riSttnfT 

the hole exactly in the pc&iiw&Jm has pains,- % Maju'Hm^Sk. * 

taklW^ly ettahKshed. ‘$jt# tfa&Wf-how care- IJmft&i tv th« 

fully he wqrb. .there is almost certain to he actually indite 

an additional iuatxurac y of pickup imro- *.e«. drilling, si 

tluced at (his stage, Fig. vf This is .the trnnsi- Naturally; the 

noiy erron ft; if separate urns .distinct- from the chine used wif 

errors of legation surd those hkek to **:v\sr fiohal aceum* 

latev during machining, arc outlined a* 

• • .' ^Ms’ irariauio.u error is introduced regard- A, Drifting, 

less of the locating ami machining mmho.K joention. of t 

employed, l.nij wiil \arv in magnitude as a accurate of the 

resale nf the eornlmuiion chosen. ip the u.nprodii 

.in working from a layout, should a drill ground drills ai 

pirns be used, r he drill must be <oufilly guided giiided m soira 

' * the prick-punch mark* This iiirms. aceu- drilled. 

raev ...L-VK-atMig the uuirfc in alignment’ nuh h idling direr 

the ^nhdic'iixis’fof Turing H oftjfy. U P { ^ v 1 

Might! v more accurate, even when a ^wiggicr/' larg» r drilL v 
. . . „ ' suMAm r, <)u c 

or pump center is used as a pickup. Bum »?;.-> ? ^ ^ ^ 

must l>e also related to the spindle axis for nsase r hoi* u 

borme. or grinding In indicating, a .-sup never ri[OU] aeeurun 

free of erroreTlie Ternairffng. lot# ring mri hdd r exfet be^Meit 


Fig. H — Hcktngup the location of a prbk-fnweh mirk 
t/ \th pump ctnitrandindicator. rrf^miw^ Mr 
auction of the transition error. 


F(g. ty^'&T}gf*tp'sivi tyring in & lathe, db.ii nicms ff. 

■ npir-s&fU the wrhtV'pnnapF in 

fh* 'i't'WZ pujLvtwu , 





6. Single-Point Boring is capable, of produc¬ 
ing the highest degree of locgtlorraf accuracy 
rn machining a bob' in sol i material- This is 
possible. because- the axis of .the hole is gener¬ 
ated from the axis of the machine spindle, a 
^cornetricalfy sound poneiple In practices 
t his accij tnc y is su I >j ec i toreductinn by several 
factors: : 

3*. In tpolmaker methods'of fdea%«V-most 
boring, b dope in a lathe, FigVT Seldom is the 
apindic good enough to insure running true to. 
vhretemh' Any looseness in the hear mgs Well 
cawsi; inri>nsistcm indicator readings during 
tpipat pickup i ol loc&ti$ri/ 

If'ijhe as fe usually the 

i^asey/evtpi earful coumerhalanring will pot 
yjftufgiyclimma t«i all displacement \v$IJe fonhg. 
Clamping the workpiece tightly enough to resist 
both eemnifugal force and the thrust Of tbr idol 
vvili often disipri it, with a probable loss pf. 
accuracy. 

2. Even the use of a piacihne such as a v^mcM 
miller. permit ti ng the work to remain 
ary as the toy l fdcatcyp sekimn Impedes con¬ 
ditions, since the spindle vvoujcf be unlikely to 
offer much bettei conditions than found in a 
lathe. CouTitering the advaniage of having the 
workpiece fried, the eomirucUPn of . most ver¬ 
tical spindle machines is such that its geoojCtry, 
hvb squareneSH of spindle to would be 

(;tk*?suonahie. 


G. Grinding, t he eq u i ,V a 1 & 0 1 of \ >or i n£* w It e n 
it is rteccssurv farelocate p in a hardened 

piece, is capable of the same high order of 
accuracy, bur is subject la the itine reduction 
of *a,cfcumt v Y in practice; due CO unsuitable 
equiprnem and operaring eomltriops. Fig. 10. 

Having finally established the position of 
the machined hole, it Is torietefrhiric 

how close it actually is to (he desired location. 
At this point, a second transrriod error is in- 
traduced 


as the work unrii liesvt up and the 
faiie checked under rfi Senttit condiHorn ynnd 
by different methods from those by which if 
was ruber located or machined. 

ImptrUvn or checking, thethuci opriwtou. 
is always time-consuruing. 'Even. when the 
error. h infariired/an element of doubt as to 
the U r mHof ^lsowl^iher 

'paid resiiit In real 


ym M tempi at correction 

cl* lift' imputed hole is cheeked by 
to the edge of the hate* 
itself or to a prajecting plug ughtify fitted to 
the-/hole. Several, methods are commonly used 
for thU ojieraiiony 

A, Vernier Caliper* Wfie a^<f td efiepk the. 

difence^ two This.method* 

hovvevchq doei ODi mkc dh^blar displacement 
I dm Sifnilwlyq plugs projecting fi bln 

holes permit the \w. of micrometer calipers 
in tlv same roannn. 

B, A«v toditni&f • 

beuveeft thr surface of the hole and gugy 
TTxTb working ffotn finished txleei of the 

WprlqTv*. uat.dmy on. a swfare plate . 

C, A. W Gagr*fs:spi:(ictTitiys>:uiwri flit VdjVri 

blocks, in auv event, rcmk> uf this ami the. 
preceding methods are.dependent to a larve 
iriutU on the squarimess^ Of the edg^ to ca^h 
other and to the face of fh'eworkpidcb, a net 
the accuracy of the reference 'plane enulace 
plate). 

Coptotirs and surface 4 <inv oive even urea in 
location prolilcrns than dorx the simpler 
yeoiueuic form rif the The mere variety 
of coniours gives vivi indication of the u»m- 
plesity of this as'peei of the prolilettl: Extet hal 
^rik'l i(Lici nal. composed of vUta rs. male and 


lw<&brnii 

't') pfwtM# 0 tihoi be ilAvrfofffd Wttff) •> 










■^m 

WlfflKK 


vw* 


/7Cf. fl — Filing W}d fiiting iq a template would bt; a h'dwus mtii '^irlt) 
ftr .< r amaut Itfo ihat of <<*&&?*&&■ fomnaitM 4*F, " . ? v :; • 


fcttiale fadiK ; acute /add obtuse ^gt^' m' 
'/very conceiva bJe ,cdmhin«*&pu Mere 
(he toolmaker, left to ■bh/fite i^n 

vktil /and mgfrmity s has tried ma.nv -w^; to 
AtfhW- these •}>'rbl>lryvh3, oohe rtidrely £alisfa<S 
:i'ohy , ?> • \ / V/W'- V • '■[' •■' f / J • , W 

A Machining or filing to $ Ltvout nr 
oonytiaie. one of tie: "roue:l» and ready"’ 
methods, Fiy. 11, if seldom good enorigh 


Where real accuracy is. required. However, in 
;mrmv cases this is the-tmly pr^clical method 
available. 

B. Where $ii?r j>et;ah!£ JihttifcT, 

hr achieved by eOMUKUIn* (he \\ork vaih .»r, 
•rnJareed iavmit 1 iv%pr^|t>Wdr^>: ; 

C. Some lew fonn? betd bu rnsHv* > o-, m;,:- 

t-hirtintj hv turning dt h«Tt4i‘d 

tools* 
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D. Soft punches may be sheared into a 
hard die, providing a mark which then serves 
as a guide for machining and filing. 

E. After hardening, matching pieces such 
as punches and dies can be stoned to fit each 
other. Neither is then accurate to dimensions. 

F. Certain forms can be ground after 
hardening, using wheels dressed to simple 
radii and/or angles. The chief drawback to 
this method is the wheel trueing problem, 
which requires high skill with the inadequate 
equipment usually available. 

It was inevitable the inefficiency, unreliabil¬ 
ity and dependence upon individual skill of 
these toolmaker methods of locating holes and 
contours should eventually bring about the 
development of mechanical aids engineered to 
solve locating problems. While the ultimate 
in these developments are the Jig Borer, the 
Jig Grinder and the Form Grinding Machine, 
other interim solutions are worthy of note. 
The latter, in most instances, fall halfway 
between toolmaker methods on the one hand 
and special-purpose machines on the other, 
both in accuracy and efficiency. 

Numerous attempts have been made, for 
example, to convert vertical-spindle milling 
machines into Jig Borers. Superficially, it 
would appear that the addition of a measur¬ 
ing system would serve this purpose. However, 
several factors preclude the attainment by a 
milling machine of accuracy comparable to 
that of a Jig Borer, even with an identical 
measuring system. A milling machine — with 
its gibbed, vertically adjustable knee, slide 
and table — lacks rigidity. Besides, the gen¬ 
eral construction, spindle design and align¬ 
ment of positioning elements are not suffi¬ 
ciently good to transfer all of the accuracy of 
the measuring system to the work. 

Conversion of a vertical-spindle milling ma¬ 
chine to serve as a Jig Grinder involves even 
greater difficulty. A high-speed grinding 
spindle must be mounted eccentrically on the 
main spindle, plus the same need for a measur¬ 
ing system. Together, these two additions pro¬ 
vide an approximation of the basic rectilinear 
positioning movement and planetary grinding 


movement required for Jig Grinding. Due to 
the relatively greater complexity and refine¬ 
ment necessary in a true Jig Grinder, this type 
of conversion is less satisfactory than that to 
a Jig Borer. 

Form Grinding Machines are frequently 
improvised from conventional surface grind¬ 
ers by the addition of one of a variety of 
wheel-contouring devices, including crusher 
roll systems. The basic unsuitability of design 
and construction encountered in any conver¬ 
sion limits accuracy and efficiency. 

Two factors are common to all of these ex¬ 
amples of improvised equipment. The first 
and obvious one is the almost universal ac¬ 
knowledgment that a need exists for special¬ 
ized locating equipment. Besides, superficial 
similarity of general design and basic move¬ 
ment is no insurance of accurate duplication 
of performance. On the contrary, this can 
prove to be a dangerous pitfall. 

Yet improvised equipment has a value far 
beyond its mere productivity. It serves to in¬ 
troduce the logic of special-purpose locating 
equipment and to demonstrate what can be 
accomplished by following this reasoning to 
its conclusion. 

Thus far, we have considered the tool- 
maker as an individual. His problems of pre¬ 
cise location, greatly multiplied, bring about 
an impact on the entire toolmaking industry 
that is difficult to calculate. The toolmaker 
sees it largely as a technical obstacle to be 
overcome in his daily work. Supervision and 
management, however, having a greater per¬ 
spective, know its effect on cost, quality, in¬ 
terchangeability and delivery of tools. 

Not only does industry exert strong pres¬ 
sure toward higher quality tools for greater 
production, but it also demands more com¬ 
plete interchangeability, particularly in power 
press tools. These tools, an integral part of 
many production lines, must be capable of 
rapid repair or replacement. This is impos¬ 
sible unless all parts of the tool can be exactly 
duplicated, not merely made to fit mating 
parts. For example, where delicate punches 
are involved, it is not uncommon for the 
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supplier to provide the customer with re¬ 
placements on short notice. These must be 
capable of assembly into the tool without 
stoning or fitting. 

The industrial tempo of rapidly changing 
product design also exerts a strong pressure 
toward shortening the delivery period for 
tools. No longer is it reasonable to expect 
customers to wait several months for the de¬ 
livery of even the most complex, multi-station 
press tools. Yet where the location of holes, 
contours and surfaces is entirely dependent 
on toolmaker methods, there is no alternative. 
Work must progress according to the old- 
fashioned system of finishing one part at a 
time, one after the other. Providing him with 
helpers is of little account. He must carry the 
work through to completion, largely through 
his own efforts. His productivity is limited by 
the tedious nature of his locating methods. 
Where many hundreds of man-hours are 
represented in a tool, it is readily apparent 
that delivery must necessarily be a long-range 
proposition. 

Shortcuts, resulting from the pressure for 
early delivery, together with the variable 


human element and basic limitation of ac¬ 
curacy in toolmaker locating methods, all 
tend to compromise quality. This is reflected 
both in tool life and accuracy of work. Time- 
consuming toolmaker locating methods also 
make any appreciable reduction in cost virtu¬ 
ally impossible, except at the sacrifice of 
quality. 

If all toolmaking were subject to these 
limitations, the problem would be serious 
enough. However, the more progressive tool¬ 
making firms and manufacturers have adopted 
the principles of engineered locating equipment 
as a solution, with a resulting advantage in 
delivery, accuracy, quality, interchangeability 
and cost. Those who haven’t followed suit are 
at a serious competitive disadvantage. 

While it seems inevitable that this solution 
will ultimately be universally adopted, there 
are many who are not fully aware of the 
principles of precision location as exemplified 
in the Jig Borer, Jig Grinder, Form Grinder 
and Measuring Machine. The chapters to 
follow are devoted to their philosophy of 
design, construction and operation — as well 
as the results to be expected from their use. 
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CHAPTER 3 


THE FOUNDATION OF ACCURACY 


Reference in the previous chapter to the 
inaccuracies common to toolmaker methods 
of establishing location is in no sense intended 
as destructive criticism. It does point up the 
conditions which render the attainment of 
high accuracy both tedious and difficult to 
achieve. 

Before discussing the engineered solutions — 
namely, those machines designed specifically 
for the purpose — it is appropriate to con¬ 
sider the origin of the accuracy built into 
them. This material will provide a back¬ 
ground for those desiring to familiarize them¬ 
selves with the fundamentals of precise meas¬ 
urement of length, angle and form, upon 
which is based the precise location of holes, 
contours and surfaces. This is the science of 
engineering metrology. Relating the ma¬ 
chine’s accuracy to the work requirements 
will also be described. 

The foundation of accuracy is the flat plane, 
a true perpendicular to it, and a standard of 
linear measurement. These fundamental req¬ 
uisites of precision are maintained at the 
Moore inspection laboratory in the follow¬ 
ing forms: 

1. The flat plane is represented by a master surface 
plate, Fig. 12. This plate, or planes developed 
in the same manner, forms the datum for all 
geometric and linear relations. 

2. A perpendicular to the flat plane is embodied 
in the true 90° square of both cylindrical and 
blade design, Fig. 13. 

3. Linear standards of measurement include the 
master screw and a variety of end standards, 


Fig. 14, based on the American inch, in incre¬ 
ments and multiples. 

The flat plane can be developed and veri¬ 
fied without recourse to any other standard 
or master in the following manner: 

1. Starting with three surface plates, A, B, and C, 
Fig. 15, all of unknown flatness, plates A and 
B are rubbed together and then each is rubbed 
against the third plate, C. This will develop the 
bearing of each plate relative to the other two. 

2. All three plates are then alternately scraped 
and tested with each other until a satisfactory 
bearing is established on each in relation to the 
other two. Only true flatness of all three plates will 
permit this relationship. 

A perpendicular to this plane can be es¬ 
tablished in the form of a square, and verified 
in the following manner: 

1. Straightness of the sides of the square is first 
determined by comparison to the flat plate. 
Parallelism of the sides is insured by indicating 
along one edge, from the flat plate, Fig. 16. 

2. The square is placed on a flat plate, and an in¬ 
dicator is zeroed against the upper end of the 
square, Fig. 17. The indicator is rigidly sup¬ 
ported by a stand which also rests on the plate 
and contacts the lower end of the square, in a 
vertical line with the indicator. 

3. The square is turned 180° and brought into 
contact with the indicator and its stand, as in 
step 2. Any deviation from a true 90° relation¬ 
ship between the square and the plate will be 
revealed by failure of the indicator to repeat 
the original zero setting. 

4. Deviation from zero represents twice the actual 
“lean” of the square. This provides a sensitive 
guide for any necessary correction to the square. 
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Ills accuracy tif linear standards of measuwnmt jfeptftilf upon initial calibration ami 
heal ion i n relationkr■ some -accepted muster. V>. 


of mrjtsnremeni; and tb*r reJaddn^hips between- 
values Of expressed In different 

terns of MfjitS; 

Investigates and develops methods and appa¬ 
ratus for impmvixig the techniques c«f measure- 
ment of: * ' , 1 V : 

3) the three fmadmenial quahtkmy of lengthy mass 
. and time: I .};. v ’^‘if • ; '.;V 

lb) som/ <3/ Me more direct derivatives. such as volume, 
dtnntyi. fdr ce and pressure: 

c) mgh and shape..particularly for precision engineer- 
irtq purposes. 


4. Tests for science and industry of certain classes 
of instruments and equipment used for the 
purpose of mea&urcftrcnt specified abdvel 

5. Designs and amstructi prototype measnnng 
apparatus for die*- purpose to moe* spe^al 
needs arising in $6ictt£& and industry. 

6. Advisgs inan.ufactur^t^ of precision measuring 
equipment cm the design and construction of 
new irntrumems* including formulation of suit¬ 
able standards of accuracy and performance to 
ninei the needs af potential users. 
Measurcm^tU H then. 


of comparison 
of some accepted standard to the unknown 
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arc wrung to the end? at megagr-so tiiat their 
upper litre >n a plant of tf^r gage axis. 
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Direct Optical Measurement of End Stand¬ 
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m mi wavs io overcame the obstacles and to 
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produce screws equal in accuracy to gage 
block combinations capable of the same in¬ 
crements of measurement and of equivalent 
length, Fig. 25. 

Although the method of manufacture of 
these screws is now well known, the equally 
complex problem of accurately measuring 
them may be of interest. This is especially so 
since they are produced in such numbers that 
a laboratory method is no longer economical. 
Measurement of Lead — Commercial lead 
measuring instruments generally are based on 
the comparison of the distance between any 
selected threads and a block or blocks of 
equivalent nominal dimension. In practice, 
the first thread at one end of a screw becomes 
a starting point, successively related to other 
threads at suitable intervals throughout the 
length of the screw in comparison with the 
proper gage blocks. While this method is 
suitable for occasional use, and admittedly 
has the advantage of versatility, it is limited 
by the following factors: 

1. Determinations at closely spaced intervals, or 
thread by thread, necessitate building up stacks 
of blocks to serve as the standard. This is a 
tedious and exacting task. 

2. Due to lack of squareness of faces to sides, it 
is virtually impossible to support a long stack 
of blocks so that the gaging faces are square to 
the thread axis. 

3. While a series of single blocks would minimize 
the problems of point 2, this system would in¬ 
volve a vast number of expensive gages or limit 
the measurement to unsatisfactorily long in¬ 
tervals. 

4. At best, the procedure is lengthy and the result 
subject to a strong possibility of variations in¬ 
duced by observer error. 

In view of these limitations, plus the fortu¬ 
nate repetitive nature of the work — i.e., the 
measurement of only 1 diameter, 10-pitch 
Acme thread — Moore developed the special 
lead checking instrument shown in Fig. 26. 

Essentially, this device provides for the 
direct comparison of a master screw, in this 
case the standard, with the screw to be 
measured, Fig. 27. Reference to the sche¬ 
matic drawing, Fig. 28, shows alignment of 



LEAD SCREW 



32 GAGE BLOCKS 


Fig. 25 — The cumulative effect of tolerance on the in¬ 
dividual gage blocks , together with the variable of wringing 
film , does not insure accuracy greater than that attainable 
with the precision lead screiv. 


both screws on a common axis. The male 
center of the master screw provides an axial 
and radial location for one female end of the 
screw to be measured. The outboard end of 
the latter is engaged by a pneumatically load¬ 
ed center. This establishes its alignment and 
maintains axial thrust, which is opposed by 
the thrust collar of the master screw. In this re¬ 
lationship, there can be no relative axial move- 
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Fig . 30 — Tapes A and B from the 
Moore Lead Measuring Machine 
show typical errors in the thread - 
ground screws, before lapping. Jape 
A reveals a progressive error , the over¬ 
all lead being .0002" too long. Tape 
B represents a type of error difficult to 
detect by less thorough methods of in¬ 
spection. In this example the overall 
lead is correct , but runs short in the 
center portion of the screw. 7 he wavy 
pattern of the lines represents periodic 
(one turn) error. Tape C shows how 
corrective lapping has improved the 
lead and smoothed out the periodic 
error to nearly the vanishing point. 
The effect of this remaining trace of 
periodic error is completely eliminated 
in use , by the nut. 
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Fig; : }J ~ The-firs), industrial usf hfjhe O'Donnell irUerftrometm method of .Angular measuremerit. 

i><i lisfaetury• *f^ik^; ; ^l'-hc..<mly e^rmhil differ- the lack of a necessary differential here con- 
once was theaddufou <4> grar raho bet wren • sutured a .serious lirnkmimi in the attempt- to 
the masn-r and ih*t screw to be measured mmmfavture rotary tables To a high degree; 
ThiStVUto was m;ide necessary by ihe variety of accuracy. 

of pitches encountered in the Laboratory s Although, there are acceptedmethods for 
work. such the.’thcodoiite, 

It was. therefore, quite natural in seeking avito-colHma.tor and precision polygon, it le¬ 
an authority for the. accuracy of the mister grained for T; J* O'.DonneJb of the University 
screw, to take it to the N.P.L. for measure- of Chicago,* to develop an ultra'-precise,, rapid 
went and certification. mettvxJ of angular measurement based an ap 

Anjvhr MeasurftvmntAngular measure- adaptation of wc Mk:hrhoi\ interferometer 
merit, or division of the chcfo into precisely This instruntent is extremely flexible irCupo 
equal atigufor spacing, represents art cmirtdy plication and is capable of dividing the ciicie 
oi prokleftis froid, thc^e eiiw&m* True? divisions.-as smMl <&^ mav be rbcjuiired, it 
terecl in Uh" c^se of .linear measurement. ?)m* has the additional advantages c>f requiring no 
of the trust common -..appli'CaUc^ m in the master and of checking Applied indust ri- 

measuring and/.ar posufomng system fol .idly, .for tHe/ffrsr twie:;fp-itie'3surmg the. actu- 
rdtarv Uble, t -y. 

Since lit is axiomatic that it is itnptjssilde to 
work more accurately than one can measure. 
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racy of rotary tables by Moore, this instru¬ 
ment appears as shown in Fig. 31. 

Since this represents an entirely new method 
of applying light-wave measurement to angu¬ 
lar determination, a description of the instru¬ 
ment and its operation is warranted. 

The optical components consist of five pieces 
of special glass, three of which are aluminized 
on their flat surfaces to form fully reflecting 
mirrors, shown at A, B and C, in Fig. 32. A 
single piece of glass, its faces lapped flat and 
parallel, is cut to form two pieces of identical 
thickness, one of which is mounted at D. The 
second piece is half-coated, or aluminized, to 
the extent that it will reflect approximately 
half of the light striking its surface and will 
transmit the rest. 

Members A, D and E are mounted in 
frames, immovable except for a slight adjust¬ 
ment for initial optical alignment. Mirrors B 
and C are so mounted on the rotary table that 
B can be angularly displaced in relation to C 
by any desired amount, or both can be angu¬ 
larly moved, as a unit, in relation to the table. 

A beam of light, XY, from the monochro¬ 
matic light source Z, strikes the half-coated 
surface of the split-plane mirror E and splits 
into the twin half-beams X and Y. Half-beam 
X is reflected through the compensator D 
reversed on the face-coated mirror A, and 
passes in the opposite direction through com¬ 
pensator D again to impinge on the half- 
coated face of E. Meanwhile, half-beam Y 
passes through the split-plane mirror E, is 
reflected from the front face mirror B, and 
passes again through the split-plane mirror 
to impinge on its half-coated face. The sole 
purpose of the compensator D in the optical 
circuit is to equalize the optical path of the 
twin half-beams so that each will have passed 
through the same thickness of glass before 
re-combining on the half-coated face of E. In 
this way compensation is made for the differ¬ 
ence in refractive index between glass and air. 

With mirror B in the position shown, an 
observer at W will see circular fringes in a 
bull’s-eye pattern of alternate light and dark 
circles, Fig. 33, apparently on the face of the 


split-plane mirror E. They actually are at 
infinity. Lateral movement of the eye will 
cause no change in this pattern. Angular 
displacement of mirror B by even a fraction 
of a second will cause the fringes to change 
in number during a lateral movement of the 
eye; the rings growing out of the central spot, 
or shrinking into it, depend upon whether B 
was moved in a clockwise or counter-clock¬ 
wise direction. 

By establishing limits of lateral movement 
of the eye, employing a pair of suitably spaced 
vertical fiducial lines for the purpose, the 
value of one changing fringe can be fixed in 
terms of seconds. In practice, the spacing of 
these lines is accomplished as follows: 

1. Assume that the desired ratio is 1 second = 

1 fringe. 

2. Stretch block threads across the face of the 
light source so that they appear to the observer 
as vertical, parallel lines. 

3. Adjust the space between the lines so that a 
displacement of mirror B by one second, as read 
on the rotary table, causes a change of one 
fringe. Lateral movement of the eye causes the 
pattern to move the distance between the lines. 
The direction of displacement is also deter¬ 
mined in this step. 

4. Although this empirical value may not be exact, 
subsequent measurement of the angle during 
inspection of the table is self-checking and per¬ 
mits final correction of this spacing. 

Having thus established the value of fringes 

in terms of seconds, inspection of the accuracy 
of the rotary table is accomplished in the 
following manner: 

1. Assume that the accuracy of a rotary table is to 
be determined through 360°, at 30° intervals. 
Any other interval such as 1° may be used, if 
desirable. 

2. With the table at 0°, set mirror G in the same 
position as B in Fig. 32, or to show zero fringe 
change. 

3. Without disturbing the relationship of C to the 
table, rotate the latter counter-clockwise ex¬ 
actly 30°, as read on its graduations. Mirror 
B is now set to zero fringe change and both B 
and C are in the relation shown in Fig. 32, the 
angle between them representing the value of 
30°, as read on the table. 
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THE FOUNDATION OF ACCURACY 



In this application the interferometer util¬ 
izes, as a standard of comparison, the fixed 
value of monochromatic light waves, self- 
checked by the final closing of the circle. 

The purpose of this chapter has been to 
give some insight into the problem of estab¬ 


lishing fundamental standards of accuracy as 
foundations upon which all performance ac¬ 
curacy determinations must rest. In subse¬ 
quent chapters, the relation of these standards 
to the design and construction of engineered 
locating equipment will be developed. 
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JLlifc toolmakbr’s sequence of .locvtnng> ma- No evollUiori so significant as that from 
chining and inspecting, descried i.n Chap to toolmaker working: with improvis'd meih&ds to 

2, is afef> followed m engineer *4 locating ipeth- machineoperator using iocauon 

ods, but the concept differ* greatly; fmnhods a\D be effectively arcomplUhe*i with- 

fioky imy .n*>& be '. > pr«'V.ijPK/y.•.v - out 4 (he principles 

machtnirf' andM$pected'..a'S‘ progmsiv# -steps-- upon which this ae*y xpxittpt is barecL These 
&f the irmw . <%wqmn 9 father than <i< ttparmt prmt£$o&ihouid he^ritsped by management, 
aperaim^s!: designet, (onUmkcr ;«nd niadlihe op^ratoein 

The essence of the Jig Borer’s and Jig order that each can make better use of thene 
Grinder's c^ntribdu^'' Let us first consider thr design pfifetaophy 

efficiencV of this operation cap. be simply 
staged as fellows;. * -vc 3 ;; J '■ 

1*.; The workpkoe is attached to the ncrchine table 
ihrqoghout the oper£UoTOfig . .. 

-2< location of tidies in relation to the spindle axis 
is est&hUsfced by fee rectilinear movement of 
the table- conrrolifd by an accurate measure 
ing sysicm/Fig, 

3. Holes generated by boring or grinding are 
coaxial with fee. nmchine ^p'Mjdle, 

Several^important adv^ntage^ result direct¬ 
ly from thb rchtfemhip of workpiece to 
niachfeeV -U ; . 

1 ... In additkm to a vastly improved ;px«r^yy in 

each phase of the operation aa compared with 
toolsnaker Locating methods, the transition 
error (Chapter 2) d now entirely dimihated. 

2* Overall work accuracy is so consistently high 
that jmerchangeabiiity becomes a commotv 
place reality ; ' ‘ ■ 

3. The cost of precision it greatly reduced, because 

of the increased efficiency; ( ' ' \ ’ 

4, Machine operators, Requiring less background 
and training than the tjaoLmak^n, can relieve 
him of the once tedious job of location. 


[FigiMr^ the pf/nhm repwetitiifojthpkal 1 
embodiment qf tht: coordinate system* 
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and construed***! principle affecting the ac¬ 
curacy of the machine, This is nccessarv in 
birder to justify the dependence { ha i muat be 
placed upon life: machine as the nucleus of 

-with the equip¬ 
ment will also serve to insure its efficient and 
effective u£e- Insufficient knowledge of preci¬ 
sion location has sometimes resulted in equip - 
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Fig. JJttmr fflfMtmtnt* -f* p(*$itivTim$.umlrollsd3% acfUtcdf, -lead-:strew. £t ft#m : a dial. 


Fig. 39 — Combi nation oftwo directions of linear travel ttt 9t) y frrovidfs Uctilin'ear positioning. 


To accx^inplish tfos > rh^ce basic accuracies 
iu « tvr ' u,fed - 

U Thr linear accuracy of the irad screw measur¬ 
ing Wstr-jn X&h&pi& 

2 , The .rS^U^itcr^iar-•. ; ialwS- 
cro» travei'm tite humnmftl: pla^e. ("‘square- 
n**0, fig. 39. 

3 ; Perpendicular accuracy in d vertical pl 4 ne, 

Fig. 40 . 


In order to vksuafeedfemeans bx which 
this re^um’xtieir't fc/dte^aed, imd at the risk 
of cn'e^*dippiifiea ffch. I-X>th the Jig BortT a&d 
theJk| Grindercan be temporarily tpiisidered 
as cbmjsnrig of bur iv*o basic elements 
b A brrnV.a} mindlr for machining. 

2 . A tehzfeutai table for work positioning. 

T he jppctkin of all other machine members 
is thus merely cbmeihuiory, 














CONTOURS AND SURFACES 


quired between (he housing itself and the 
cOlurOir in order i& accommodate workpieces 
of various height without excessive ; projec¬ 
tion of the quill 

.Recognition of' (his cubic concept governs 
the design and worfoihambip of ail! functional, 
parts affecting the accuracy of Moore m.v 
chinch and slid e-way surfaces 

of all tastings are hand 

establish (heir geometry jK|to mating 

parts. Bores which support rrteinhers such as 
the quill and lead screws are precisely aliened . 
The cuhomationi of these efforts, the com¬ 
pleted machine is carefully checked by ideth- 
ods deveiojpgri especially to reveal a ny devi¬ 
ation froo? true cubic accuracy a Chapier 3) ; 
Ferformcnc« Accuracy — Having sarisfacto* 
rily passed such an irUpccttpii Vs noi.: r in nsdjy 
however, adequate as^nrance,ifm the i ua- 
chine, will produce work .of ccimtowsur^te 
accuracy, performance accuracy can, <4 
•course,•lie pioveri in practice, or more corn 


Pig, 40 — Pto perpendicularity ^squai trust) of the met * 
thin* ipindle i\ cheeked by a master Jgitaw, 


Geometric. Accuracy — Fhr abiltiy ccy.mdvky 
the machine tahle an aecurriigiy fpr^sttied 
distance in two directions of travel, each in 
exact 9Q® angular relationship Ht ihe other; 
permits positioning directly to coordinate 
di»T)ensions. Thus, in effect, the ‘machine is 
the physical cmi^xiiment of the c*>:>rdirorUr‘ 
locating system. In dm icspcf.q it is depend¬ 
ent for its i# 

upon the combined linear and tcculinear 

itccuracibi, 

Implied in the description of coordinate 
location is a reference or eteuwi point, from 
khich ait ;^i(easurcments- are n>ade The inter- 
section of the vertical spindle axis with the 
horizontal plan^. iogkaily provides this point. 
Fig. 41. Also, u Tmrod'uces. die additional 
dement af true perpemlicularity, and thus, 
the geometry of the cube. 

be maiftlaiijed in 
spite of die relative, vertical movement be¬ 
tween the quill, which contains the spindle* 
and its - supporting housing. This movement 
k necessary to feed the foot into the work 
Also, a vertical, positioning movement is re- 


Pig. // — Intersection oj the fdrutif vj^p With the tori* 
jpntnl plane of the measuring \iyiitin provide* ttorejrtfp.ee 
or (latum point jot coordinate form/on. 










vincingly bv an analysis of factors Capable of 
Immiucifig ^ptraUoual errors, and how they 
ace doped with In design And ebusiiiictioa. 

The follow jng list dimities of opera¬ 
tional error po&ibltf in geomet*' 

rically aeytii'af(; maC1line: 

1f>,ncorttijqiled , relative nmvrtmdvt between ma- 
dvine mernbtn. 

2. Displacement due to die action of darupuig Or 
locking devices,/ 

3; IXflecubn resulting from c.uUing pressure- 
4: Temporal* instability as a result of fhcrmal 
expansion, , 

Saiisfaciory Solved for 

epmbatkfg yrtani Irani these sbdrfe anit'Will 
be discussed in tfe satfie order as above 

Vpeonriropeef* relative 


Rtlatiyi Mov«m«nf 

hi6vf;ynenf '^efsy<eb;. • tnari&m* parts h'ftoti&t 
likely to ocx-ur at points where. cordrPlied 
movement must be: provided* She example 
the movement of both the slide an its base and 
the tabic oh the slide must be purely linear, 
with no sideways dkplacArrffmt or twtedhg- 

In addition to accwatclv mate bed and 
closely fined siidtvway surfaces of adequate 
proportions, /fundamental / concept 

plays an important fofe in res tratrung random 
movement. , y 

ConsblicLation in Mvxire machined of all 
•«lidtvWayA‘ihtd-; a dose-coupled' relationship 
With the workpiece is an example- This type 
of tonstructioh provides the maxirruom rigid- necessarily wide .range of speed and variation 
by of ^»jppr*ri, and grcaOy mmmuzes the of load. Vertical movement of the spindle 
adverse effect of any undesirable movement assembly, in Moore machtfe*takes place hr- 
which might ultimately develop as a result tween male and female, hardened, ground 
of wear. add lapped cylindrical surface* 

.Alternaitve feign Jncorporatihg one travel . proportions, Fie, 42. These mtmtxs* are, m 
of the rectitmear moyemehr into the spindle accurately- hoed that shake or looseness w 
support, presents <rf' j^fdihdidm, ej^dvcly'-'^^vtiQfed. \ v \ 

rigidity and exaggeration of any random, The app^artnu inconsistency in avoiding a 
movement within this feembly* That is fe sihfilar bearing for spindle rotation cats be 
cater* of its rtrtnoteoe^ horn the surface of -explained hv pointing oui ih;at working eon- 
the work dittom differ greatly, Surface speed of rotation 

Limitation of spindle mavexnanto rotation is high and would require an appreciable 
within the quill * involves dimmatipri of any 
radial looseness such as is possible with a 
journal liearing. Preloaded tell bearings pro¬ 
vide the most eflectiv 


jfiqf. C'htill'/Ahri quilt bushings, anhardefitd, ground 

and iapp&i' (o a gage jit , Sailing ihf rack beloil th? s tirjart 
of (he ijudl eliminate \ did in the hmhirfg and jacititaifS 
lint lapping of a hua found hide in both upper and 
lower jbiuhmgs. 
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ENGINEERED LOCATION EQUIPMENT STANDARDS 


Displacement by Clamping — Clamping, or 
locking, of positioning members to prevent 
movement during the machining cycle can 
easily defeat its own purpose if the action, 
in itself, induces movement after a setting has 
been made. In order to guard against this not 
uncommon cause of error, all necessary clamp¬ 
ing devices on Moore machines are completely 
non-influencing. Typical of this precaution is 
the method employed in locking the table, 
Fig. 43. 

Deflection — Deflection under pressure of 
tool thrust can result in actual displacement 
of the axis of the hole from that of the ma¬ 
chine spindle. While this can be minimized 
by using great care to take light cuts during 
operation of the machine, the practice reduces 
efficiency and does not compensate for inade¬ 
quacy of design. The essential design con¬ 
sideration here is careful distribution of mass 
as a means of attaining rigidity, after a 
thorough analysis of possible forces to be re¬ 
sisted. This is not difficult to achieve in 
members which do not move during machine 
operation. 

Moving parts, however, require special 
consideration. The spindle, being aligned in 
preloaded ball bearings, is not only free of 
any radial looseness, but is so rigidly supported 
as to resist deflection even under abnormally 
heavy operating pressure, Fig. 44. 

Bending, or deflection, of the quill is 
avoided by use of a large cylindrical section 
in this member and reducing to an absolute 
minimum that portion extending from its 
supporting housing. Were this housing not 
movable vertically, but permanently at¬ 
tached to the column, the entire vertical range 
of the machine would have to be incorpo¬ 
rated in the travel of the quill. This alterna¬ 
tive is particularly undesirable because it 
necessitates abnormal quill projection in all 
but the highest working position; this factor, 
in itself, is adequate justification for a posi- 
tionable housing. 

Thermal Expansion — All commonly encoun¬ 
tered engineering materials grow or shrink 
when subjected to temperature changes. 


Examination of the following table shows 
that a wide differential exists between differ¬ 
ent materials. 


Aluminum 

12.3] 


Bronze 

9.9 

Linear expansion in 

Steel 

6.2 

^ millionths of an inch, 

Cast Iron 

6.0 

per inch of length, 

Tungsten carbide 

3.3 

per degree F. 

Invar 

1.5 



These values appear minute in print, 
yet represent one of the most common and 
significant sources of error in precision 
measurement. The importance of this physi¬ 
cal law can be appreciated in considering 
that a steel gage 10* long will expand more 
than half a thousandth of an inch as a result 
of a 10° F. temperature rise! Surely this 
change cannot be considered negligible in 
precision measurement. 

The importance of thermal expansion as a 
source of dimensional error is greatly exagger¬ 
ated by common misconceptions concerning 
its occurrence and behavior. While almost 
everyone who works to close dimensional 
tolerances is aware that temperature changes 
induce dimensional changes, the true rela¬ 
tionship under various conditions often re¬ 
mains obscure. 

Measurement always involves two members, 
the workpiece and the standard or measuring 
element. Should these members be of dis¬ 
similar materials, the correct dimensional re¬ 
lationship between them cannot be retained 
at any temperature other than 68° F. (stand¬ 
ard gage temperature). 

Reference to the preceding table will show 
that two 10-inch gage blocks, one of steel, the 
other of carbide, will disagree by six “tenths” 
at 88° F. However, should both be of either 
material, they will agree at any temperature, 
Fig. 45. 

Certain qualifications must be clearly es¬ 
tablished before this example is interpreted 
too literally. Temperature in each case is 
actually that of the material, and not neces¬ 
sarily the room temperature. This stipulation 
must be recognized because, as will be later 
proved, difference in mass and exposed sur- 
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Fig. 45 — Dissimilar thermal expansion characteristics 
of certain common gage materials result in dimensional 
disagreement at temperatures other than 68° F. 


face area between members prevents uni¬ 
form effect from variations in room tempera¬ 
ture. In the case of gradually changing room 
temperature, smaller mass and greater ex¬ 
posure will cause but a slight lag between 
part and room temperatures. Where greater 
mass or less exposure is involved, the lag will 
be pronounced. 

In the use of precision locating equipment, 
thermal expansion is capable of causing 
troublesome dimensional changes in both the 
workpiece and the machine. This potential 
reduction of accuracy is neither insignificant 
nor inevitable. Indeed, it should be viewed as 
a challenge to the machine designer. A satis¬ 
factory design solution would relieve the ma¬ 
chine user from the necessity of continually 
making allowances and corrections for tem¬ 
perature change, or of putting up with sub¬ 
stantially less than the full accuracy of the 
machine. 

Success in coping with thermal expansion 
was possible, in the opinion of Moore engi¬ 


neers, and offered such obvious advantages as 
to justify an all-out attempt to overcome this 
final threat to operational accuracy. The com¬ 
plexity of varying conditions and results of 
thermal expansion precluded any “cure-air* 
solution, but rather dictated a step-by-step 
attempt. The first approach sought to elimi¬ 
nate temperature variation at its source, 
where possible. These sources are as follows: 

1. Heat generated within the machine during 

operation. 

2. Variations in room temperature. 

3. Heat developed by stock removal. 

The most serious source of temperature 
change during machine operation is its power 
plant, whether hydraulic or electrical. Since 
hydraulic power is the greater offender in 
this respect, its use in Moore machines was 
considered unsuitable. 

Electric motors are normally rated at a 
50° C. rise during operation, undesirably high 
for use in an accurate machine. Turning to 
the motor manufacturers for help resulted in 
the development of a motor capable of the 
required power output, but with no more 
than a 10° C. rise. Consolidating this im¬ 
portant gain by adequate ventilation and 



Fig. 46 — Without effective design precautions , spindle 
warm-up is capable of introducing significant locational 
errors. 
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Fig. 47 — Electric resistance heaters duplicate heat output 
of spindle bearings while drive motor is stopped. 


isolation from adjacent machine members so 
reduced heat transfer that the motor exerts no 
thermal effect on the accuracy of the machine. 

Other electrical heat sources such as lights, 
transformers and resistance units are similarly 
treated so that the remaining heat developed 
during operation is in the so-called anti¬ 
friction bearings of the spindle. 

Complete elimination of the causes of tem¬ 
perature variation, i.e., mechanical friction, 
atmospheric variation and heat of stock re¬ 
moval, could not be achieved solely by design. 
Therefore, the second phase of the campaign 
against thermal expansion was an attempt to 
neutralize the effect of such variations as could 
not be eliminated. 

The relatively slight amount of heat de¬ 
veloped by the spindle bearings produces 
approximately an 8° F. rise in the housing 
supporting it from the face of the column. 
Were this member cast from ordinary gray 
iron, a gradual shift of the spindle axis to the 
extent of .0004* would occur during the 
several-hour warm-up period of operation, 
Fig. 46. The danger of such an unstable refer¬ 
ence or datum for the otherwise accurate 
measuring system is obvious. 

Rather than impose a required warm-up 
period before accurate work could be done, 
advantage was taken of the extremely low 
thermal expansion characteristics of Invar, a 
36% nickel iron, as a material for the spindle 
supporting housing. As a result of the use of 
this material, shift of the spindle axis was 


reduced to considerably less than a “tenth” 
under all operating conditions. 

While this solution proved to be completely 
satisfactory for the Jig Borer, additional 
measures were necessary for the Jig Grinder. 
This can be explained by the longer time re¬ 
quired for finishing by grinding as compared 
with boring and the necessary constructional 
differences in the spindles of the two machines. 

In addition to the use of Invar in the Jig 
Grinder spindle housing, electric heating ele¬ 
ments are employed to produce exactly the 
same B.T.U. heat output in location as that 
resulting from the bearings during machine 
operation, Fig. 47. By automatically cycling 
these elements in opposition to the spindle 
motor, a uniform temperature is maintained 
in this critical member, whether the machine 
is running or not. As a result, there is no 
discernible movement of spindle axis during 
down-time; locations established during the 
day’s operation can be repeated the following 
morning. 

Because temperature variation equally 
affecting all members of the same thermal 
index does not endanger accuracy, symmetri¬ 
cal distribution of mass is important in min¬ 
imizing the effect. It is particularly desirable 
to enclose such critical elements as the measur¬ 
ing system within the machine structure. In 
this way dimensional changes resulting from 
room temperature variation are proportional 
throughout the machine, and operational ac¬ 
curacy is more nearly independent of room 
temperature. 

In view of its more obvious advantages, the 
lead screw measuring system is seldom recog¬ 
nized as an important factor in contending 
with thermal expansion — by virtue of its 
rapidity of setting. This provides the operator 
with a strong incentive to follow the best 
practice of roughing all holes before finishing 
any of them. In this way the heat of stock 
removal and room temperature variations 
have the least possible time in which to affect 
the workpiece. 

Thus, in design, it has been possible to pro¬ 
ject static accuracy of location, or measure- 
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ENGINEERED LOCATION EQUIPMENT STANDARDS 



TIME-» 


Fig. 49 — Volume changes occur in steel during trans¬ 
formation of structure. The cubes graphically represent 
these changes during a hardening cycle. Only structures 
1 and 4 are equal in size and stable. 

Although this permanent form of instability 
should concern anyone making or using ac¬ 
curate measuring equipment, it is seldom 
correctly identified as the cause of otherwise 
inexplicable dimensional variations. While 
this peculiar behavior of steel is explained in 
the advanced texts on physical metallurgy, 
little has been done to present information 
relating this phenomenon to other engineering 
considerations in the field of metrology. In an 
attempt to fill this gap the following discus¬ 
sion of permanent instability will be allotted 
more space than would otherwise be necessary. 

Hardened steel, in addition to its well- 
ordered obedience to the laws of thermal ex¬ 
pansion, is subject to erratic and entirely 
unrelated dimensional variations of consider¬ 
able magnitude. These changes can be either 
shrinkage or growth and may occur under the 
following conditions: 

1. A slow progressive change, continuing for 
months or years, which may start immediately 
after hardening or at any time thereafter. 

2. An instantaneous and completed change at any 
time after hardening. 

3. A reversal of the direction of change at any 
time after hardening. 

In view of the absence of any observable 
pattern, it is little wonder that dimensional 
changes of this nature are usually dismissed 


as errors of observation, or the result of being 
“tenth-happy.” 

The root of the whole problem lies in the 
fact that hardened steel is very seldom a 
homogeneous structure, but is composed of 
at least two constituents in varying propor¬ 
tions. Being unstable at room temperature, 
these constituents are prone to decompose 
with a resulting volume change and a change 
in the dimensions of the steel. 

As a simple illustration, a combination of 
oxygen and hydrogen in the proportions H 2 0, 
or water, occupies a volume, between boiling 
and freezing, that is governed entirely by its 
thermal coefficient of expansion. Upon freez¬ 
ing, however, it suddenly expands in volume, 
in apparent disregard of the laws of thermal 
expansion. Water, completely free of any dust 
particles, will remain liquid, still obeying the 
laws of thermal expansion, when cooled far 
below its normal freezing point of 32° F. 
However, it is unstable at this low tempera¬ 
ture, and a slight vibration or dust particle 
will cause it to freeze solid instantly, with the 
accompanying change in volume. It will be 
demonstrated that this analogy bears great 
similarity to the conditions causing insta¬ 
bility in hardened steel. 


Fig. 50 — Overheating, interrupted quenching and the 
presence of alloying elements produce unstable constituents 
in hardened steel. If retained austenite converts to un¬ 
tempered martensite (dotted outline), growth will occur. 
Under certain conditions it will also promote conversion to 
structure 4 (Fig. 49) with attendant shrinkage. 
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Fig. 52 — These curves show the conversion oj retained 
austenite by sub-cooling. By selecting suitable austenit¬ 
izing and tempering temperatures , no austenite will be 
retained. The latter also stabilizes the untempered marten¬ 
site which is not affected by sub-cooling. 

room temperature. Due to the presence of 
alloying elements and a certain sluggishness 
of the austenite, the reaction is almost never 
complete, with up to 30% austenite retained, 
Fig. 50. 

This retained austenite, existing unnatu¬ 
rally at room temperature, gradually decom¬ 
poses, or if subject to thermal shock may 
transform very rapidly. In either case, a 
volume increase or growth results, the magni¬ 
tude depending upon what percentage of the 
austenite was transformed. Conversion of but 
1% of the steel s volume will result in a growth 
of approximately .0001" per inch of section. 

Freshly formed martensite is also unstable, 
tending to decompose into a secondary form 
which, although stable, occupies slightly less 


volume. This transformation is generally com¬ 
pleted in a relatively short time. 

Thus it is apparent that, singly or in com¬ 
bination, these unstable constituents are ca¬ 
pable of introducing dimensional errors which 
may largely cancel the accuracy painstakingly 
worked into any part so affected. The follow¬ 
ing case histories will illustrate the gravity of 
this source of error: 

CASE A 

Specimen: An 11-inch gage block of tool 
steel, presumably correctly hardened and 
tempered by a commercial heat-treater. 
Conditions: Finished accurately to size by 
grinding and lapping and kept at room 
temperature for six months. 

Observation: At the end of the six months a 
growth of .0135" was noted, and upon 
examination the steel was found to contain 
10% retained austenite. 

Conclusion: Unsuspected variations in heat- 
treatment must have led to the retention 
of about 22% austenite, since the decom¬ 
position of 12% would account for the 
dimensional change as noted. 

CASE B 

Specimen: A high quality four-inch gage 
block from a commercial set guaranteed to 
a tolerance of .000002". 

Conditions: Used for a year in a temperature- 
controlled room as a master block for 
reference. 

Observation: At the end of a year comparison 
showed a suspected growth of .00004", 
later verified by the National Bureau of 
Standards. The manufacturer later replaced 
this block on a no-charge basis. 

Conclusion: Whether this growth resulted 
from decomposition of a very small part of 
a large percentage of retained austenite or 
the complete conversion of a small percent¬ 
age retained could not be determined since 
the test would be destructive. No doubt, 
however, existed as to the cause of the 
trouble. 

It can be seen from these examples that 
only eternal vigilance can be relied upon to 
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ENGINEERED LOCATION EQUIPMENT STANDARDS 


detect such inaccuracies. They generally de¬ 
velop so gradually as to be virtually unde¬ 
tectable for some time. During this period a 
great deal of damage may be done in perpetu¬ 
ating the error. 

Potential instability can be detected in 
steel by several methods, the most accurate 
being X-ray diffraction examination, which 
reveals the exact percentage of retained 
austenite. But this can only be considered as 
a post-mortem type of test. Generally the 
result is destructive to the workpiece, and few 
laboratories have the necessary equipment. 

Since austenite exhibits a difference in 
magnetic permeability, as compared with 
martensite, it is possible to non-destructively 
examine a specimen in comparison with a 
known sample by a commercial instrument, 
Fig. 51. 

As a result of metallurgical research in one 
of our leading technical institutes, stabilizing 
cycles have been developed that effectively 
eliminate this threat to accuracy, Fig. 52. 
Utilization of this technique and verification 
of its effectiveness by suitable inspection as¬ 


sure the permanence of the accuracy built 
into each Moore machine. 

COMPLETE LOCATING SERVICE 

It is true that equipment specifically en¬ 
gineered for the purpose provides the biggest 
contribution to the accuracy and efficiency 
with which holes, contours and surfaces can 
be located. But it alone cannot do the job. 
Suitable accessories and sound operating 
practices are necessary in order that the 
machine may fulfill its intended purpose. 

It is toward this objective that the theme 
of “a complete locating service,” stressed in 
this book and by Moore, is directed. This 
service includes accessories which are inte¬ 
grated with the design and function of the 
machine, Fig. 53, and instructions to guide 
the operator toward the most effective prac¬ 
tices. Only in this way can the danger of loss 
of accuracy through makeshift tools or 
methods be effectively eliminated. 

In the following chapters the Jig Borer, 
Jig Grinder and Form Grinder will be suc¬ 
cessively discussed in relation to principles 
and practices applicable to each. 
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THE COORDINATE LOCATING SYSTEM 


Tin, coordin ate locating system is a method 
of positioning work by rectilinear inovcincnt 
of the Jig Borer or Jig Grinder table, con¬ 
trolled hy i measuring system based mi the 
relationship of the Hat plane, the square and 
linear nmmirmient described p : j$i ' 

it is equally a system of 'difriensioning the 
workpiece on the .drawing boards. In clarifi¬ 
cation of this point ;* case will be cited which 
should serve'-ref illustrate hbW ..essentially • • 
simple and atiapabiV -is The 
derivation of thy- rUmeiisibns on the drawing 
will;fim bfc'.'^n4 thS^in turn; rc- 
lined to the measuring'System of the maditne. 

The basis of the : reela«Vgfi|ar : . - erx>ixHn?dg.;-. 
system lies in the dimemionmg of all points- 
froni crim-d ordinatTsy or ^erO lJpes, cyi{-cTnal 
to the workpiece, Thc$c will b£ shoym ns 
sealed along the upper and Idhbaod edges of 
•& ; } pfertr of iJrawiag jjjftfifer, Ip $%.- 54 > the 
workpim* b shown drawn into the tMcrseo 
m*n of these locates, its edge* aliened with 0 
ih l>oth duyeiiOris, in this pres^dtadufi, (he 
location of the holes in relation to die scales 
and xa the convemionally drtnfcmtdncd draw* 
mg of the same picoe> ''shdwn ?a Fig 55; is 
. clearly, revealed. 

Re-drawing the same pkcc uiorr ueariv 
central cm the paper, Fhj 56, in no way alters 
the relaltnmhip of the botes to e^h otHcr and 
to the edges.. even though the latter w hanger 
are aligneci with the zx-ro ordinates. From 
this example if mav be seen that the relation¬ 
ship of the zero ordinates to the workpiece is 



Co gle 


a .matter of choice imd can be altered to 
sud rrquuerocms, 

; The adyahiage of havirijg fhe jtero Jimi* 

external to- the b£c#ffi<* move dp* 

.parrot ire wptfepfece picked up 

from Jan Testing bote or dreweh F%* ?], 

Shddfct the picku p point ‘ be epn^kiVi^l iero, 

it is apparent that any jocatiom to the left n, 
above this |>dmt YviHtld hr indicated by a 
eonfii^iu^: value; incocnpatible with 

any nieasurmg syBietiiv 

Fig. :5a .represent the as 

p Fig. 55 jftith• the. 4 intension* re-wriMenJn 
the form of a convcritional Jig Borer l^your 
lot tjperamr convenience. An ahenmbv^ 
Though not soeffective, preHenf4t>hh iy shown 
in f ig. 59. 

VVbile the fdtftj arrangenieni would cafi frir 
all the operator 

Iff the forfh;of approved Jig Borer layouts, 
this consideraiion. 

So. eral points favor this hyrarigeinent: 

].' OiW.tr ira reduced, the 'reihahauiar coordinate 
svs!c.m-tf| : dimensioning h often as Convenient to 
original design a,< \he more conventional form. 

?. Drawings which have been conventionally 
dimensiotial •liViaally require A rertaio .aihoum 
of calculation in conversion to coordinates. 
This may neces^itatc a know 1 edge oJ \ iignriorp- 
eiiry and ixiarheUiatieai abi'Ujv beyond that 
which might be expected hem an operator; 

• tjf’hiH operation can, therefore, be performed 
more, efficiently and saiviy in an ertginfVring 
bfhee than Jh the- shop* Where inore than in 
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Fig. 54 — Graphic representation of workpiece, crossed ordinates and graduated scales. In dimensioning , 
this relationship is based on imaginary scales and zero lines. In machining , the scales are represented by 
the lead screws and the intersection of the zero lines by the spindle axis. 
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Fig. 55 — The cumulative nature of conventional 
dimensioning is more haphazard than coordinate 
dimensioning . 


occasional job of this sort is done, a calculating 
machine capable of extracting square root will 
justify its cost. 

3. Calculations made by the operator not only 
use up his time, but keep the machine stand¬ 
ing idle. 

In order to relate our example of coordinate 
layout to the measuring system of the machine, 
it will be necessary to refer briefly to that 
portion of Chapter 7 which describes the 
dimensional pickup of the workpiece, i.e., 
relating its reference point to the measuring 
system and spindle axis. 

Having set up the work and zeroed one 
edge in line with the spindle, the zero bracket 
on the scale is set to the nearest full inch and 
the corresponding dial set to zero. Proce- 
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Fig. 56 — Re-location of the workpiece within the coordinate system does not alter its dimensional values. 


dure is identical in relation to the other edge. 
On completion of this step it may be necessary 
to alter the figures on the layout to agree with 
the new settings of the scales and dials. 
Reference to Fig. 56 will show that when new 
values are established during pickup, correc¬ 
tion of the locational values presents no prob¬ 
lem. It requires only the adjustment by 
whatever numerical difference exists between 
the pickup and the layout reference. Fig. 60 
illustrates the relation of work to machine. 

Should the starting point be an existing 
hole or dowel, it is not necessary to start from 
an even inch; the scales and dials may be set 
to the values indicated on the drawing. In 
this case also, it may be necessary to correct 
for the inch values. 

Polar Coordinates — This is the conventional 
dimensioning system employed to designate 
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Fig. 57 — Inability to shift the relation of the pickup point 
of the work to the coordinate system would result in con¬ 
fusing negative values , as illustrated in this example. 
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Fig. 58 — A preferred form of coordinate dimensioning. 


the location of holes in a circle, equidistant 
from a common point, Fig. 61. Such dimen¬ 
sioning takes the form of an angular value 
between holes and their radius from a com¬ 
mon center. In establishing the angle for each 
hole it is necessary to divide the number of 
holes into 360° in order to determine the 
spacing angle which must be successively 
added for each hole. Should the number be 


unevenly divisible into 360°, care must be 
used in the calculation, since even a small 
numerical error will result in a sizable cumu¬ 
lative error. 

Once derived, polar coordinates lend them¬ 
selves directly to use with the rotary table for 
machining setup, Fig. 62. By displacing the 
center of rotation from the spindle axis to the 
amount of radius given, each hole can be 
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located successively by angular setting of 
the rotary .tab'hS 

in order to facilitate the of 

polar cardinal es, the VVckkIwohIi .Tables 
(pace 225) give the-mg}*; between boles tor 
any number of evenly spaced holes up to 100. 

Unless a highly accnraie rotary table Is 
used, such as the one shown in Fig. 62, errors 
of considerable magnitude may result from 
this form of positioning. As a result, it is often 
desirable, Tor the highest accuracy, to convert 
polar to rectangular coordinates and use the 
measuring system of the machine for spacing. 
The strongest deterrent tb this practice lies 
to the lengthy calculations necessary. In order 
to amplify this, the Woodworth Tables afyo 
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JIG BORING PRINCIPLES AND APPLICATIONS 


Th* SJGN.)ffCtXNT[ features of the Jit? Borer of the Jig Borer is in. its making, jib's inav 
lie m its tlireen-.f^ and .rtSpidilv'in atminint’ rari^e 'from the simple plate type, requiring 

» -i v t'‘ v*'i . ‘ ,-r ' r -•^ _ j# - ■ 1.T -a. '• _ ■ v* • -. i _ 


thebjghesf order of locational accuracy. These only an accurate durte.nsionaT relationship 



creasing accepuitiicc in widely-va/ietJ phases sarfatx* in s^verni planes. .In tire latter type 
of the rricchaihcai industn^i (roin toolroom, tin: true unportanee of the ‘'eobic concept »1 
to production line, from experimental labora- accuracy '* can be: appreciated. Fig. 64. The 

'•»hiTrtiC t'r*. r«t^vir/*ffhr«miio'h 


iztiy to inspeciiqn d^paf tinent. 

U h a natural cornequeuce thai such disersb 
bed rises of the machine tend to place etitpha- 
on various of its capabilities In order to 
provide the broadest possible- perspective for 
appraising the value (>f jig 6<uuv^ study of 
specific jobs wifi he postponed m favor of 


through 

,#: veriiciil to product quality. 

Even in ra*vs where the workpiece to 
be prod w&& from a jig. does ftpt require 
hole Location .to a ^TemhC the injshing h-olts 
aw hg Jig Bored ..hiueh nwe quickly, dn& 
in high ac^ufax^, than rhey tan be prmtuceri 


theiTiorcr^veanngandgehciaUaetl considers- by any other means to even broad locational 
non o i fvpnai jfg Bora applications, tolerances/ 

Since the Jig' Borer was developed primarily 7 Press tools, ranging. from simple -dies out 
t<* fill a pressing need for »n adequate solution requiring; the-highest accuracy to compound 
to the toolmaker sever-prc$eht problcm of pre- and progressive dies ncc^sitatlhg the greatest 
rise location, its Itrsf arcepomee antf widr^t ; precision, arc an obvious ^nauu O'* for' the; 
general use has l>ern in the toolroom. Used jig Bom. Etc?. «n, 

alone or ih partnership wuh ns companion As A vase in.point, the significant.accuracy 
machino, the Jig: Grinder, the jig Borer has contribution of the Jig Bom* jt 6 ' : t ; he 
done much to* promote inierchaageability in rotor* lamination die hes in the precise- ]{>:,> 
tobltrialdng/ It hm Imrrmtii the rooi- tion of holes • Wprffejvbf 

Fruiker^ opacifv. iThcying him of die tedious special mention are the pika Me*' nod dvc 
job of locating-' holes %}. makeshift methods., boshing holes^ guiding rhealiMnc posts of 
Toaimoking — The w ide variety of Jig Boring the stripper. Fig, 06 : 

operations eneonftu-red In mot oia king pm Dies not requiring high accuracy rail be 
dudes any attempt ac coaipieie or orderly Jig Bored and leh ungnnmd aha harden- 
. cbsalficatioiv. Only'the’ broadest genera,! cate- ing Distortion .errors in hole location can be 
juries can he cited< determined by picking up the location ol 

U-l^^fRameintipXle% one of the basic uses holc^ a her had treannenu id i!k: jig Borer, 

’ 
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and establisliVtTw a new set of coordinates to 
which the unhardened* related members 
such' as snipper and punch plate may then 
tic Jijt Bored ' • ' 

More complex or precis" rife require 
grinding After baldening, Thty$eai solution, 
\mh from i\v •■standpoint of tTfictencry/ ami 
aecuiHcy, b jig Grinding; In this way. ail 
•parts'eau be J% Bored to coordinate location, 
\viih ail dtc operiii%$ left a few thousandths 
umters:v:r to penhi l . rc-esm 1 »ii s?h mem of loca- 
boo hS jig Grinding after hurdnum;. Pans 
not vr»prirmjt hent-rremmt nt carl !>e bored 
to ,$izc\ G j . K j‘ ; 

‘the"inJfc Baring: parts whrcii 
will stii^equends be hardened and Jig 
Ground ‘is purely a matter ot edtGency N lt 13 
normally desirable (o leave net mop> stock for 
Lntndmg than is aecessa^ for economic 
reasons:. This condition can only prevail if 
the original h>eatton ». ptetfee, because any 
tolerance at this point must be addl'd to the 
allowance Tor anticipated dUtohibifi. The fact 


Fi£. f'i - - ll\*{pt r ty> swh #\-ihh &a». by. ntM^uatinu 
liKdijtiitil (pxiitticyi it frmxi} t<i(jiicy, pYMY the mporleiiict 
uj the ‘'(jjhii Cnm'p(. of j(‘v ' 




■ warp firffrresenUd by ifesi^ppfftmitir din winch pittce^ shave % gut and blank liming 

are 1;^,^' /7y tinud in frur.s.h \tnpj>er and di, \d->. auntrocy of ali^nm^ni'. 









that the Jig Borer locate the hofe/fobm 

Ttfie!v and rcinow stock. so rmpidh is tU to 
the gopd, ridce thnv k nfcjfohy wttfatf u wfon 
facetfrtiMt hmh of d/xurnry: l n jig Boring mfcs 
to f ie ground later, it h unnecrssary to wfo to 
U "Tenth/" a further savf rig of t ittie. 

Assumuur that a Jtg Grinder if* not avail -. 
able* t he jig Bore r may hr used ih re-establish 
coordinate location prior vo ^tmdinr in a 
conventional internal grinder. This b accom¬ 
plished iri the following sequrhee: * - .< 

■1, After the die h hardened and surlier ground, 
fofr plugs f steel or brass) are hoed to the holes 
to be ground. 

2. The die is set up iu a Jig Borer and small holts 
bored in the plugs to the same coordinates as 
used In the original Jig Boring; this re- 

which could 
hty trusted after hardening. Fig, 67 v 
i^ese holes in the plug* are- 
tnifernai 


were 

establishes t be desired 1 oration 
ho long* 

• ;3'. v'0ne : -'ii l ^.a' 

indi'eated true; with the axis of th« 
grindery Fig- Aft. the plug removed add the- 
die Ppeuing ground to si*e. Fig. <V9. 

While this i? oot als accurate as. jig GrintG 
ing 3 and laF ehicii-nt from every sfond-' 

•point, it ijs the most satisfactory ofstibriT 
tutc methods: 

Model Work — The same versatility and accu- ristinu of a batter) of fourteen Mbop Jig 
racy oece^ry for voohoom applications Fours foieh Tuiploved on direct production 
make the Jig Borer a key machine hr model, set>rk v Fucy 'O; || is being Hbciemh and effee*: 

flvfe: tiyely Xi^J for# wide range of 4pptk\AUohst 
role it enable uK'rxpt'i'isivo, yet accurate, which for hide: 

sample or prototype parts tr> be produced 
quickly; tn other words., it makes fhe job, 
interchaTigeable even before it is tooled Such 
parts may be required to verify dimensional 
relationships, establish efTeofive foleraciccy or 
to permiV of production mcThrids 

and probletns. In many instances whole pro¬ 
totype made.ri r elyi^-,ohl>-' cm 

the jig/Bot^ir fol* dimensional acehr^cy ■ 

Production — 3Jthuu.gh concmved as a tool- 
room machine, the jig buret c£n often be a 
profUicpon machine. The sfohe Bv^dHlUvi 

accuracy and impressive rate of stock re¬ 
moval which have trtadty it tndtspens^liie in 
topi ma king ;itijake i t equally ad a |p i^blt to i he 
production line. This .j$ attested by thri 4ufh- 
her of such instalia lions by industry ? ohr cpnr 




, hi rir J hr u ?!&:'?*■ • 1 $*?. h’drdffHv^: md.. 

a hrftfll hoi V jig Botvd tn s<r<h phi* to n-oCr/VnA hr>c>i- 
tiov if) th' ot mi mil ,oofdhujjf >. 
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'Fig.:. && t— hath holt must M: torefiilty indicated. ■)?&#■■ 
the sptttdk f*f on inlrrft(jf piH&is 


After pickup, the plug is jemottrl and yjvr iudr 
ti ground in the nmterttionat mannm 


Fig, 711— Com+ftttfitn ac<Uri:ifr' y wet v/ticjtnr} are the hrynQits'hj this 'hdtFty A '6j Mowt jig Bo< 
mphyed ^r p/oduriuatjsrrF^ 





Fig. oj £b? SSome Jig dmr makes 

production jots like this a. 'Iwbirol^ 

1. Production before telling. Where : p$riy mus* tj£ 

produced' in quJtmirv Ijeforf : V^air be 

completed, 

2. Small-lot production where the qiiaiirily would 
hot justify the cost of tooling. 

3., Production of parts where the neccasiir> a^cvt-' 
racy of hole location or quality of surface finish 
cannot be attained in a drill jig. 

4. Production oi pares requiring highly accurate 
relabt>rwh>p between inuhi pie operatkmswhich 
cannot i>i* intogporateh in a jig., such as boring, 
facing and light milling Fig. 71.. 

5. Prod action of delicate pfr complex pares which 
niusv te Wrd ur attain uccurac^ and avoid 
distortion. Fig. ?2. 

In all of the preceding examples, the lledi¬ 
bility of the jig Boren is in direct contrast to 
the inHexibilify and single-purpose nature of 
special machine tools. This perrnas desiry 
aide product design changes to made 
without having to justify the delay dnd cost 
of re-tooling.’ 

!n*p«chon — The potential of rho jig ttgrer 
in inspection is recognised drily infrequently, 
yet a review of its dnrigh features will show 
that it possesses all ihv ‘ urce^arv eh*mem* 
of a highly precise universal nutasuring ma¬ 
chine. Obviously, its ability itf local* or posi¬ 
tion accurately, in turn,possible for 
the Jig Borer to measure or imped accurately 


Fig: T2 }\n cihknirtW'i hud' fit eduction Jig Bated In 
dose tolmwrc , :> : -2 y;V/ 2- ’ S.'M ':•> '' '.7.. v ■ 

The me of ihe. Jjgy Borer for inspection is 
found in: 

!. Inspection of work produced on the machine 
itself, by the inspector. 

2. Inspection of work pnxiuced elsewhere. 

Work completed in the Jig Borer can Ikv 


72— Inspection of llw work i> ful hiff jrj$ up in 
■tfwmqfhwi, is as a^iirale arid 'fat uiorl tfjfdeni than any 
aih % r*fuiifif trirtfo'd. 
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of holts, to. the coordinate layout with an in- 1 hi*' ehininai--? awn her alrnc-st cet 
digat.dr. inspection can lie completed in far r 1 *‘ r 

less time than h any nfftej >n>-n"s. simpK by fh-- *We e*l the Jig npi.-t solely;-us an in- 
using the accurate measuring system of the .-‘prciVon device h by no means uncommon: 

machine os a standard, l ie " '> nvmv ti.j'e beer!, purchased sperihcallv lor 

The possible objection that work sJtoliKV this purpose. The directness, ease and rapidity 
not l.c inspected by die sanu* vepiipuicm used >n aclnming %h acpirarv ul m. mure, mm 

to produce it is not valid in nlVrcncc to the with 'the jig Rover make it l«r supeno; to 

Jig Borer, for a variety of reasons almost any other inspection device of com- 

1 . The workpiece is already oriented m the parable eupaeity - 4 factor which has 

machine, and am afi.-mpr ta reorient it lot . prompted large plants to lruy ji.fi Borers tvith- 

insprt linn. ;« mo a st.ri;,,. could- *sil\ out sptmlie motors U) prevent their use lor 

introduce an smirks great or great.-,• (hamU r- any, puVposg other than inspection No modi- 
onc bung sought, tie.iu-er; iu.se tiC-ert suggested.- cvr. ai>$ .-ears 

2 The ..teas,„log om ,,. of the ma. hnw m a! , )f m , w hid, would 

/cot as accurate, as shop-standard which jh . : . r w)mpie , c sijis;; b,l,tv. See also 

mitTht ne i.rhet u,‘nik /lien hit 1 'riV -Ct 1 rdftieriK t . , . . . . 


source 


Acc&tftotte* — Afcoirac# of the tlf^rec 1 »uih 
into the jit* Borov can v.j* v easily be dimin- 


FjtgVJj. ySe'ond ■oniy.'tb iHe etfrdwtfm/ ((ft/it <iccz\sm*$ ■ tke wjptees ir their s*ntemtrrt avriilability 
tbOfWt.pweuks ■#''htinty'-'tti&t&tb'''■$** Ihc-m&ttffAv'.' 
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sories pr the use of unsuitable onef. Moi>rc 
.mewd* Urn &spee4 : of location ;j deei^' af 
iutporianco t ?|Aial to the care and dnaiglu u 
give* to the basic design and manufacture of 
the n : nich>oe a sell. 

A fail tim: of accessories vitrei tool*, engi¬ 
neered to eunvpteinent the machine in each of 
of loca ting, sdurig up* machining 
rtud inspection, are available. There are also 
specially designed cahmets, with a space for 
each 74. live: vicsk-type cabinet 

server both u<, a working tool-crib for the 
machine durim use and as a storage cabinet. 
Thus- the proper tool is always available at 
the machine when needed, avoiding uiake- 
shilt hojMcn i,sauemsv 

DESIGN FEATURES 

I n this chapter the Jig Borer has been pre¬ 
sented vts a generic machine tool for tool- 
making, mudgi work, production and inspeo 


Overall efhdcncyl rate of stock rejTtos.al aud; 
convenience id operation. •Direct reference to 
specUk design features of die Moore Jig 
Borer Will show how they coiatri lime to these 
resuhv •. ■ v. w 

Since (he largo 


miodern Model 
No. 2 Moore 1 Jig Borer IhgCfTf^ra^^lh^f th^ 
features so thoroughly demonstrated in the 
1,400 Model No 1 machine? m use; besides 


Fi§y : 7i-— OpvdluT. jnwi nwrnl ' u Mnig -(Hniimit.'. w 
.if&ffi./tft (*f Ik' ■fHili-'hwn hUlffolf. 

-. .. . H| i_ 

Fig. 76 •— /ft vj its >}ow<;n mA ^/m/Cv/U-. thi Af<w j*■* JAofvt a*hi not hr lx htih*(.i"' on:heavy *:uti 





CONTOURS AND SURFACES 


HOLES 


wwwMw* 


Fig. 77 — 7?k 'M'mitt \kxrtF'. j * r, Tt u.i;iinc Pjiait (muiti>y>mn >,f ji 

Byrrr itiM dim $*.. / tti> J*wur* f'x squally importuni m U wl m^ tp w ptiuiutfwp tine. 


■ B ■ ■ ' vi A : 
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several not found in the shnpHfttxi, e^tlirr 
model, it \vfU be ii^*d in refe^pcc 

Designed m fulhll all the r eon ire meats of 
the j o U c^iegijv Ws ready * he following 
outlineof its tr<Vi tes )^Qi>xt3 

which he taken mW* atenum; 

h TvLtyc&wSkQ*. and. travels wi be larae enough 
to 4Vt:enfnttiod^dr ihe amicjpH led rdn^xif work 
WilboM io&iftg son vet ue nee in handling ibe 
ftuhttsrowf small workpiect* normally en- 
., cpurdcred. - • * ! : 

'2.. The* operator should be able to cbiteh all con¬ 
trols ffunV a sitting position, UU> *?>' 

'M: The ^piddle should , be. sensijive e^ou^b 
permit drilling very swaaij itolcs/ ycl. rtjggrd 
enough io be ^ennate While taking very heavy 
eats? i : ig. ?6. •' >: ' • •**• •■ :;/ :V - Vv " 7 7 ' 

4. loot changing should bf. quick and aerupttc* 


!»: -should be possible to attain ihe optimum Fi*. 7 ^— £0h twntinfinta u-rant roiled by >juuuiit 
spindle speed and;iced ratio /or any pp^atiod • hmltk-iifel deal xiradtuUwm. tifjinout 

on any size hole within range of itK capacity 7 ' -Hnirr.ciwfcWhk&ttan. 


Fig. 7y — Any ■'speed ham 7j io 2JW tpw is avoiinblt by ifit pu.sk of a imVor,. Sfred v. mae^n 
ope would pres#"} fa occtkr>ater #f'xj '4qt^ ?*$$&$ *M rriu/t orr u fmtid 'tacfimrtn* 
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Rapidity and convenience in accomplishing 
this contribute much to overall machine 
efficiency, Fig. 78. 

6. Measuring and positioning system must be accu¬ 
rate, direct, easy to visualize and rapid-to-set to 
minimize possibility of operator error, Fig. 79. 

7. Need for servicing and adjustment must be 
held to a minimum. 

8. Accuracy must be maintained in ordinary' 
shop working conditions; no “pampering” 
similar to that given laboratory instruments 
of comparable accuracy is necessary. 

Table size of 10" x 19" and travel of 10^" 

x 1x 10" were specifically determined 
to meet the maximum number of toolroom 
and production applications. While it is true 
that no machine is ever large enough to ac¬ 
commodate every job encountered, a massive 
machine is a continual handicap except for 
the very occasional outsize job. 



Fig. SO — The draw-in element of the Moore shank , the 
square cut thread , does not influence location of the taper 
within the spindle . 


Convenience of all controls to the normal 
sitting position of the operator is an important 
consideration, since fatigue can easily con¬ 
tribute to error. Note in Fig. 75 how acces¬ 
sible are: 

1. All handwheels 

2. Feed control and dutch 

3. Brake 

4. Quill housing clamp 

5. Table and slide clamps 

6. Adjustable depth stop 

7. Speed control 

8. One-shot lubrication 

The spindle and quill assembly in any Jig 
Borer must necessarily share responsibility 
with the measuring system for locational ac¬ 
curacy. In addition, it is solely responsible for 
the accuracy of size and geometry of the hole 
produced. The design and construction of this 
assembly in Moore machines feature the 
following characteristics: 

1. The spindle itself is made of a high-grade tool 
steel, selectively heat-treated for maximum 
hardness at the tool end and high tensile 
strength throughout. 

2. This spindle is mounted in two pairs of specially 
selected, super-precision ball bearings within 
the quill. The entire assembly is preloaded to 
200 pounds for rigidity. 

3. The hardened, ground and lapped quill is 
grease-packed and sealed against dirt for life¬ 
time lubrication of bearings. 

4. The quill itself is supported in two hardened, 
ground and lapped bushings in the nickel-alloy 
housing. 

5. The rack, for vertical positioning of the quill, 
is a separate piece set into the quill; this pro¬ 
vides a maximum of quill bearing area, and 
permits lapping of the quill and bearings to a 
fit in the bushings so that wear is eliminated 
as a factor, and no adjustment is ever necessary'. 
The Moore shank is acknowledged to pro¬ 
vide by far the quickest and most accurate 
method of changing tools in a Jig Borer, Fig. 
80. In many Jig Boring jobs, quick tool¬ 
changing is a significant factor in the total 
floor-to-floor time. This is equally true for 
both toolroom and production work. 

Infinitely variable spindle speed, deliver¬ 
ing the 2 hp of the drive at the ideal speed 
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lor any operation. Fie. contributes much so natural in operation iir?u operator cris is 
uavnrd stock removal diiriency, tool life and reduced to a negligible factor, 
surface finish. This fc trmtrolied tw a push t|espne design (dr^htiughMo minimize the 
l nit ton on thepanel and read on a tachometer, >1 tin* human element, it cannot hr 

making it c$% to auait* the ideal speed lor . denied that sound fie Bonne oficmfing puuhaw 

;u.iv opera?lori and i epe.ai i» when desired, atmv'hiidy pfay an unponatu part in dut 

whieh ts s*dr import ant in prod uci ton jobs. c|uaj,U) pF > v drk^^ produced. The •following 

Th* •conib’matvon of a rectangular pasitiorj* chapter ':-p^qotes;^adplfttion of practices 

mg system, controlled bv precise lead screws,. \vhiyh have been prosed to produce the inost 

And visually represented tesbltS*.. 


••* SpcM pafpatim in the V/.oror VRE Artie is ; htomffltxJart; by: fttu/w’- 'fiisfilaccrtH'itt of sheaw twins 
fito>h-huHtm iuvitniifd anio r/wfaf. It pfw;airs thi jnllint mg iulvaniugn: 
l. Stuoathy sirphss foniwl-thFjugh emthcrangc. 

2< Simplicity tuut access tfiJity rj all pmt.y. 

i Ample capacity to transmit full hoTsefwmr and : a ajax f motor. 

J. Avoidance of gears edmmatrs the most awymt CQU f Hnf sptjidlt cflatter* 

















CHAPTER 7 


JIG BORING PRACTICES 


Since complete automaticity is an unlikely 
prospect for machines performing non-repeti - 
live operations on dissimilar workpieces, the 
human element cannot be overlooked in any 
discussion of Jig Boring. An operator’s work¬ 
ing habits and his knowledge of the principles 
involved play an important part in the results 
obtained from a Jig Borer. True, there is little 
opportunity for him to coax more accuracy 
from the machine than is built into it, but 
there is always the danger that the reverse 
may occur. 

What follows is a general outline of sound 
operating practice. It is not possible, natu¬ 
rally, to anticipate in print all combinations of 
requirements and conditions encountered in 
specific jobs. 

Setting Up the Workpiece on the machine 
table establishes its geometric relationship to 
the measuring system and the spindle axis. 
Although a number of variations are possible, 
the more common requirements include: 

1. Parallelism between the surfaces or axis of the 
workpiece and the machine table, and the 
alignment of one edge or axis of the workpiece 
with the direction of table travel. 

2. Angular inclination of the workpiece to table 
surface. 

3. Workpiece rotatably mounted to permit angu¬ 
lar spacing of holes, the axis of rotation being 
parallel to the spindle axis or inclinable at any 
desired angle to 90°. 

The proper positioning of the workpiece 
and its clamping, or restraint, against unde¬ 
sired movement during machining constitute 


the first step in any Jig Boring job. Typical 
examples falling into case 1 will first be 
discussed. 

By far the most common type of workpiece 
is the rectangular, flat section. Orientation 
presents no problems; yet frequently errors in 
the finished workpiece can be traced back to 
improper technique in the preliminary setup. 

In order to avoid machining into the table 
surface itself, it is usually necessary to sup¬ 
port this type of workpiece on parallel pieces. 
Although there is no objection to the use of 
accurately ground and paired parallels of 
conventional shape, the parallel setup blocks, 
Fig. 82, frequently prove to be far more con¬ 
venient, particularly since they provide a 
large choice of heights and strategic place¬ 
ment of support, so that interference with the 
position of holes is avoided, Fig. 83. These 
blocks are so made that their matching dimen¬ 
sions are alike within extremely close limits, 
permitting their use in combination and as 
matched sets. Convenient clearance and 
tapped holes facilitate their attachment to 
each other, to the table, and the direct mount¬ 
ing of the workpiece when desirable. 

Work too large to allow for clamping 
directly to the table can be mounted on the 
extension parallels, Fig. 84. These support the 
piece and provide T-slots for conventional 
clamping with bolts and straps. 

While it may seem obvious, the importance 
of clamping directly in line with, or over, the 
support cannot be over-emphasized. Any 
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M ‘ exerted on an vmstipporwd portion 

of the \yOaTpjoee will hH-viiajily intlu# a 
\\stM. or bow and the condition ilimtriHrd in 
Fig 83. Similar diiheuhv is encountered in 
aOempting to damp work which i> no*, flat'. 


W0mt 


in Fig. 80 are designed # proud" an efficient 

•ia-fjrtv of work. 


means lor c lam ping a vvidc 
Theirr ;copvOitvioiiaJ\ Maty .is shoyew jn Fig;, 87, 
the brass bed-rests straddling the 'table 
T-slots and opposing da. damping pressure 
without in airing the (able surface Extension 
}ticces Ure lor u>o with higher work, such ‘sis; 
•'OX hex. 

/Die second i id* align/nem of 


mei: iti several ways. A parallel 

to ihc trayelr .ifr {provided .St the A e ' 

lal>fc. The: workpiece pan, hr ^ei. dtri3dly 
a^inat ;.i:h'U- or if. desired.:*; spaefti by. 

paxailteL pieces such gHge lddeks or partdfei 
. : ‘ ■' . 

Tlwf • '4ttrr^iiVC': use of an 

•infchcator‘ Kidd ; : ia nose by means 

oF the indi¬ 

cator poim brought into registration With the spindle by means of the knurled diameter of 


Plo. kI fviUtaiip p\n>iiW : ) permit "maunHVMi ■find 
<7 arnjjiHg wofkptKK.-fotg#'. Own mmkiite uMK 


work. 

« » 


ami 


M 9 
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Sfoirio induced by unsupported cLxmpim% will fault in nun-pataUel axa of holes nachinedtnyucii a x tnp 


the.bolder qi jiicfcly establushes tlie proper post- unnoticed shift, Dinu-nskmai rrlaiionship-^jf 
bon ol the inchcatur wi>h m 'movenum nor- work to .mrasuril^ system and spindle axis 

imi to the edge qfthe piae Wjih the Hidi- m each situation will Ho Ujkcn up later as a 

cuhpr ia thu; rekUtonship, traversing vhe table separate phase at die operations.. 
will move the workpiece edge past the imli- . Fiat. dise-o, pe workpieces generally require 
Cektor poim In this wav the indicator \v;i) no mure than support on parallel blocks, 
show the- rjmooni of m&dteiunepf; this, can without the"need for particular alignment 

be elimirnncd bv gendv tapphv< tire proper or orientation. Cvhmirteu vo>rk is cdnvem 
end oi the work until thv indicator shows no tionatly supported and aligned in Vd dorks, 

movement during the Traverst;. Fhc damping fie;: 90. Should the length ut the piece neces- 

nuts should then hi: sauceddoWn, and the shale the use • f two laocksjiis important that 
alignment verifiedagain to insure against an they be a matched pair to insure parallelism 


ijfeiteip 


Bolls, itmjfs and ■Heekmitipwidk • Ihi- 
y•rtZtnkrti mmm for claw ping, 


:r ,5 tool arm umh- 


Fig-.. : A7-.-r- Bpaive clamping tear 
itrucltdi holds work \dcimiy and riatp ml nun lahb 











holes, contours and surfaces 


’'fork-fem.*irmgto*dgt; f*ig v ■'■$£■ TuBiCahfig edge of work parallel xvifti (nttr 

tniv+L, 


SHiip ' 

pM oHrk 4U lnhh Maori. 


Work set tip jy 'U-Mwk.% shovld* ,(t0j\ H vidicaltd a\ a final efi&k on alignment before boring. 








■ ' 
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"cVf this axb-with table travel h ' accomplished 
in touch the satiie manner described for 
fifat work, indicating along the clhmcier of 
tteev tinder a net Correcting in tappirx* the 
V'-Jdndt 1 , ' ; ■ 

Aogulftr ipdfofdion of rhe workpiece to the 
Uhle^uriao. ami sj>ii>cli* axis, case 2 , is most 
ci-ccorau-'ly ikmtr .with the micro-sine. plate, 
Fie. ru Based on the familiar sine liar priiv 
dpU\ provides an lnc|i»ial>le sur¬ 

tax* df ad^’ttatV. pro^rtions For the .attach-" 
menl, of even raih^r large work. Any desired 
ivogk*. From *f to -)if ran he accural eh' es- 
tal*l|shoiJ by the insertion of a gage bit*k or 
I de>cks. selected hy Reference to the simple 
formula on the plate , A nondniiurncmj* daiiip 
secures the setup against movement during 
matMuing. * * * , „ 

Normally the edge of the micro-sine plate 


•jfnf, \ c (f■:■*•■. J* widiijoji • to :'.y 

angular position of. 

tidtquiHv m?wtift£ uiid rbrnff}#* iwuu%- 









fc»Oj.SS, CONTOURS AND SURFACES 


big. '16 — T/tu mounting position of >h: So. J Moote axis of rotation can be produced by moimhns 
Rotary Xahh is cmvmifnt for radial Mv sparing* the rotary table as shown in Pig\ 93* 




bio. 04 — Patoltel setup blocks-, serve as locators in /his simple but ffyctwc tevo-position fixture /or 
milling and hot jrig a ptnduriWfi part mi tfa ■' 


pirat.fro-rri* 
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Jl© BORIN© PRACTICfiS 


The prt*ce4mg discussion has bceh largely 
concerned with the setup ot one^iuur jab^. 
For repetitive work there are several ways m 
which a lot of firue may be saved, For ex¬ 
ample, simple bin effective m^is or locatidos 
may tjne- aseeat • From ifefe parallel *stetup 

blacks, usiug tftem;:. a$ wdl as 

loatjoh, fig. 

I hr precision vise, Figs. '.);*. arid 9C\ is valu¬ 
able in this type at vvork, the stepped jaws; 


ifo nttnr.fifiJ end-stpfa adapt ifa for* fa frtoditiiipri nxnik■ 

serving both as parallels a ml for clamping. A 
‘ s 1 iv% i<If;| for roMO m work. i he fixed 
lifWvV', j ja\w ground square and parallel to (he base 


Figi /$< •— This itiditiifot set om^tsly mdkdim; 
(hfirwmaifir. ' verti^d dwt. i*?7" pr/XW pudvatwhs)* 
a jointtd indicator bolder;; >i. linpftMrf /4<W . 


$$jjr y ’ 9 ? — Speaai kfitk-hddrng fixtures “pay off v 
pfitdueiion Jig Boring. 



job can bb set up and machined. without dis» 
lorbing the workpiece already- ht place. 
Dimensional Pickup ^ : M<iw the Workpiece is 
gedmemcaijy Cfrji’cnied. ,ni the machines 
tra.vc.1. The next step requires establishing us 
dmmswnal relationship to the measuring svs- 
teni and spindle axes. Since the required ret- 
vrence mas be to an edtfc, pin, Ws», hole, 
scribed line, : s!e>t or contour, a 'variety of 
pickup tecbnicjties must be employed, 

In setting dials or positioning the table. 
.ih.oveiue.ut mbs) obvays be made in the direc¬ 
tion indicated be die arrows oq the dials, in 
order to eKmmaie backlash. ?S it is necessary 
to re-approagh a-sr/Ungr, back ayav from the 
xgttmg by seviTal thousandths. Then, make 
the settmg again from the correct direction. 

The indiedfor set. Fig. 98, includes the 
equipment necessary to 'nrw«f most of these 
conditions. 'The'indicator itself is supported 
by an adjustable, jointed arm, from rid.e.- 
(iie incjicatprholderor drill chuck held in the 
spindle. Fig. y>i The flexibility of this m- 
ramr/.-.u.-ni permits a considerable latitude m 
positioning the indicator to suit the vvorkptCCh 
The most common •requirement—.refer. 
er<tc io an edgo — can be accomplished most 
e-roSy .nut accurately by use of the edge-Brtdtt, 
i-'ig. UK). This ncefcssdry is so constructed that 
its wit face 


igtstc/ing agains* the edge -of 
the work if prccisdy central to the edges of 
(I,,-' •sou'--uni! slot provided Jfer pickup with 
the indicator. The cdtre-hudct is held furn.lv 
against the ygork. the table is posifiottccl so 
that, the indicator sdibvyS are cquai reading 
when rotated to contact the opposite, inside 
edges hi the $lqt ,^t (life point, the edge of 
the piece will be t-xaetjy in line with the 
id notion, •« spindle axis. A known relationship is thus 
ixture often established to the. fflCasUritig gy pent, This mhv 
mculnrly in 1 checked by' moving the table 200” and 

raid-shaped indicating, tlx edge of the piece jt.sclf. Ftc 

l Of . In this way, arty latinre of theeduerftnder 
id v. ! ays can. to register properly, 4qe to a burr or wregu- 


ft.f. 99 thy ihdioit^i /whin primtii ;a vrirfr* rtitfgtUif 
admits U?wt± Vft tt-mulll; ftfftdv p’tslliounl d\ %p. 







Pidwg up i w itff't u'ilh thenigednufa wd indicutoi. [ hr minor provtdrxi1 tomeidHii 
tiling the vertical dial tyidir.uipf tn rtjas^ av ny ffum upfuitrrt. oVv^V' 


ft&y'W* 

vi[taiis for 


y/ijl shovv that (he necessary vertical move- 
(hem exaggerates any edge delation. 

Holo^ r pins, (mosses and radiused contours 
are generally capable-df single and direct 
pickup by means of an indicator. A scribed 
line or pipint requires a different instrument. 
Usually the relative, inaccuracy of such a 
reference makes it unnecessary' - id use a more 
refined device than the line-finder nr g iggler 
shown in Fig. 103. Held in the roiabne 
spindle, its point can be made to run true tty 
a touch ol the finger. It is then l)ruugiu clqse 
to the line or mgrk.'pn. 'thc '.woi^vV^hicb is 
•p'psiuoncd diyecidv. under the point as ql>~ 
served dirough a glass This mOthix! may also 
l v e used jot locating an edge winch mav not 
in • accurate to justify 

greater precision of location. 

Occasionally the reference point on the 
w ork will present conditions not readily suited 
to of the irtdkatOv and requiring greater 
kc,curacy than is attainable with the lincf. 
finder. Vcrv small or partial holes, irregular 
romourx, slots and putveh iriarks fall min this 


f : n>- M —■.■induGlin* fitru llyyi^mvd u^rhptn r /ifm 
a /> f xi^-Undri uuioTnritioJli: •*/#.* p;< i u-:- 






$, Mi .adjustable optical axw v4iisH may easily 
be brought into cyfaptfehcg willy that of the* 
sptftdle,/ (,* ; , ! '■ /: y\ : 

Tfe important role play€5*d i?>y tFie micro¬ 
scope ip the use oFa 

device will l>e discussal moht to Chap¬ 
ter 13. !•• ■'• , 

Mochiniflg.— It is tti the machining Operation 
itself that the widest choice oi methods is 
available. It is no*' ofter* possible to slcariy 
establish dm sapenonty of one over the other 
The choice of cutting toot systems may be, 
compared to the choice between roads, all of 
which eopv f et'ge a) a common destination- 
This goal rrpn l >erits the highest order of 
geomc t rie4 ! ora 1 ion a i and d i § ri en.si on a 1 a c cu¬ 
racy. attainable'. oniv through single.point 

t>driu^ Slvoxdd accurate suffice, 

it wvrd\ nv-iins .stopping vdiort on one'of- die 
chosen roads. An aUCfnpt will be luadt fto 
show this ip practice by Uv. following dgw 
Citssioii of tools and te<ii:nhju <•$..’ 

The usual practicfe in Starting a hole is to 


.Fig?. H)$ *ry Ftuhfig up >'.<&»/ without idge-findct. / udkri- 
tor is set again* L rdgr ?f. workpme, wised .arid* niitit&l 

■ ISO* in. Inltik ^llf^%iuld'4^r4nit .»>$>.•. ■ 


The MoOre £mtiling ptfiqih 

>• ft.hpt tmPffipiitn'id' Hthiltiidfat' w*itU'-w'i 





Wft ~ Sptnn/ spotting foid&pwvfit fugjb untied 
luuinntuil Qttcui fttyi Jmpor tout 0/0ry Hnk is not id hf. 
trwbhed bf sffrglf'poii’U'I/mrtii; 


employ a center drill. In the case of holes to 
he,fo^Kedf/fey ; .end ; rmnpi^ : 

to bore, a.' : ei0olw Fig ? 105, 
should .1^' giri^^^iher initial 

accuracy. The three sizes of sprid&t Jig Borer 
(h ill chuck?.. Fig (06. arc suitable for holding 
these took, as well a* the various drills re¬ 
quired m e^eK opFraCion. 

Holes smaller dym about may be fin¬ 
ished with ^msfotrory accuracy by drilling 
directly from dig spotted location. Larger 
holes can lx* rapidly opened up to within a 
lew thousandths of finish size, using the mini- 
mum riumb% 61 d|pls in the process. 

To r>:rend the range of standard drills 
below V<i : x which should be available with 
each machine, and because straight shank 
cl rills over Vjj* are mndmm* lengths too great 
for use. m a Jig Boray Moure. has 
a special t it* 

from 1 2 *' to 1 1 o # \ Fite- 107, Possible cianuiv* 
to the finely finished ?^ end refopetr cpliri 
is avoided by making the sihanfe pt thrix 
drills a few thousandths mo large \q rneer 
the collet* thereby imufmg the Use of the 
specialchuck prdy'idift for t|v^ purpo^ - 
Roughing may be icbhtihiied’d?eyaitti :: the 
of available drill sixes bv a variety of 


Fig. tQ6 ff:t^0 chiicKi qf tttydetrd driign but vf pre 
oismt quality an fitiyd to Moon \hauX\\~ 


ft*. £ffccz$ j[*g. Bmr dtfflf and yfitting fo&fs: 

Sfratgftt Shoot. f)ntt< 

lion Front Uhi hi —-15 rw*; dnl{* for rJaw fix 

ffrdtd X4 V tf.}4S< qpptyptiatrspotting* tools. 

Conte*-faff Bhci • •• Ji v<V* ud 'hut 'bills, ) u hug, 
itfth '*♦« straight dupif ptrirthMis- ffotn 1 £6 -■.to /, 
foot ■ lilted. •- high \hoU drtlh, p lowy, jrit.h *%' 
straight : shook' ;.uf t+ myemeirH from m • /!$. 


range 
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hr. fnx — Xu fthiUii ijh'i'f for jarifiv awl vapid M 
erijargrrnprc - fifth tdl (**#%&}*/ trunk 

Pfhl {tiumrlP - SIv\y*uwfc4£<mti<i 


ipp:> ■ 

Fig-. HMl — Sjkitim, ttnih ami find Rmmn 

Mwh fifth, (Oft M xirrd patk ihr KfoOjt; S/nayfi 

vy jf/mlM uutfu i dtilli unit nid ?fuw.a e 

rtJf/i xmtk flu >ntnc M.'zt. iMargb dniftk. iaah tnkf p bid 

m the Mil?!, (wtyt ti kl wait: 'and P not tummy V fi 

(hang* flips brtitmr optydlimiy; tool cdfi b 
qnit Ktp'Wilhtfraipk and rtylA&d. fid'rMyiMI rypirsaUS 
lb faxfry xptfrjfb M • dtiJftng rmmne, 

MM on . - ‘ • ••• • ■ : ? V- ! ". ’■':.; 


lb Writ Hog ffif Agfa) ifpitM Pi*k '-thank; 4 

uM for adarfirie Ms\ from i *4,\ h ". \Su tlmfner 

ffQhU<plt(\ ) .; ( 4 ; , Jv r ' 

boring tools. The “Hole Hbgv*' designed for 
this purpose^ *$ particuikdi^ eificieitT in. its 
rgte of stodfjrarnoV^l A series 

of similar sweeping tools, Fig 3 08. are equally 
efficient in rapidly cnl^ging oi for 

sv-repuH* or . facing .o^ratioris on surfaces 

and bossed Pikns of foofs art£ ’ 

to.; fraeiforiaf aiith bejj% harcfetvgd; and 
■gtpUri.d, will dotdamage -& : pt^i ? fou^y^fin^hcd 

Spotters, drills and etid rcarriers i.&ct sbpwp 
in Fig.. 100; when held in ‘a collet, 'they pro- ^HB9 
Aide the fastest system of locating, diilho^ and '^V ' 
reaming holes on <j Jjy Bop;{ Fhe spouer-.. 0^^ 

establish local ion al eec. ureev, die a;>' ■■■•'■ • "M 

undersize drills leave from ,00 v ' to ulV' f,» 
final suing by moms of tlei<e' : jg/i^dL;^ig5b 

Brian: passing -on to die svdsject-of,inter- 
median*, and or finishing Cuts; it might ho ;*>$■ 
well to point out that; these genet ally account 
for most of rhe riihje per f t 

{he ‘ interest of efficiency it «g advisable noi ,-... f / 

to start ihero t6o ^oori; thaC is, rough Iv imihjn -M 
iukjpti hi finish stz< as is pi actifrd. . Uq-i MijH 

Altliough noi ruafehing )lu:. accuracy of ■:$>/ 

the slower single-point borjn#, two tvpe,<. of • 3^0? 







$&».; ttl-T fim : vr $0/?rl. twmr ndfatfap v pripjousty* 
fattq 'jMf to y\i*iy ' '■ ;, < '; ’?• ’ f 

End reamm are held in toilets. Hi*. \ 11, 

thylocating horetiC vdiich is gtaiHKl 

plUg^*a$y Sitth tfte sdlcinfe. 

For the highest ^accuracy,' u • ia sometimes 

'*slightly 

to make them run true in the coiier. indicating 
trom die teeth 

Ordinary rose or (luted rc&rnyf's* diffenpg* 
from end reamers in the relative flexibility 
of shapk which permit them to align i hem- 
selves with the hole, are often a satisfactory- 


ifa-; *7? - - roilf'ts,. 4 \ *V', .W' .m,/ X V\ 

ttfrfUtrilwd* grwtia and lapped to tun hue wit fan 
f .V*' nmve <if h rkhpird to a( ; rmm*>dnh "// 
at%jri$&(n &*d suitable 'drilti. 


end reamers prov ide a faVora ble eornjyroniise* 
i.e. s a considerable savmgorume at an often 
permissible, minor dQi aicfCUr«jey 

end reamer, held 


They 

and running true 
with the spindle, acfcs. som^vvhitt like the-cbm- 
hi nation hptln'gr'; tool and a reamer* 

Fs&^iing sfemg at the same tlatfv Thhc 
hybrid idol dpW not achieve per{e$Hwi in 
either ioi*' h3r • slight runout te#d$ tu 

make W hit sikdtdy overside, ikntlv clipping 
the; corners; of the teeth with a stone impi uYcs; 
this condition, but somewhat reduces the end 
reamer’s, ability to e^tablisbfc /'Ration: With 
reasonable care v hdwevarr, an operator should 
he a We to hold size and locational evracs ro 
within ±.IH)05'V 

End reamers are available in sets is oro 
to 1 J 4", in increments ofW' or 4 V\ Fig. 1 10, 
•for the Moore jig Borer, In addition u> ihvw 
fractional sizes. 


to .0.12" undersize, 
together with suitable reamer drills, is-nVom* 
mended for sizing holes la I er to be ground 


,v 




* ■ * > 
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means lbr sizing a hole, f*|g ? 112. Carefully IjgH 
handled* arid removing between .001" and 
.003^ of stock : these tools will produce somt> 

Avhax better accuracy of hole size than ttie . 
end reamer. Either type of reamer has the // >- 
advantage of ;iv'6Mitig the. ^t-a)n[d^trv adjust hn 

rnei>t mxeasary vrith £ single-point ,A 4 

tool, but cannot, produce the infinite mpgg> 
of sizes possible with the Latter. 

The importancc of single-point (wring as 
the most accurate fnethod of attaining loca¬ 
tional ftpnijg 'amply justifies 

the wide rang*: bqnrig tools available. 

Size control in single-point boring is dr- 
pendent on a means of adjusting the position 
of the fool point outward from the axis, of 
spindle rotation. Two types of boring chunks 
provide this adjusrniem through dHhrrn? 
means. The swivel block type* Fig. M3, offer* 
flie v widest raivge of adj\isaueot for 
ter, a decided advantage in working in close 
quarters, such as in deep box jigs- or close to 
die post*. ‘ • s ,' / l > 4# \ v* 'b • 

A ••disadv T ai>fage' fretjnendy.- • ijtbfe.d uv this 
type of chuck.-lfe in the (act that adjustment 
v^f tht iool mov es it in ari arc. thus the gradua- 
ttops on the adjuslirrg screw do not (rear an 
vx4Ct rehrupn to the tool in»avenieiii As a 
ip-jUer of facu ’bis is nor so serious * problem 
rvs flight fiepaled since the.graduations 


tim f ">n> t 0 bar 




/%. TJ7 tm’* mtf *wf*p t tr#i r. 

— quite accurst^ ©vet '.# short rdngg* provided 
topIs of .pt&pzr 

hardly' he depended upon over a foivg range 
of tr^s'-ei, 

Fmfh a pdH'iyfunc^ianal 
treme rigid'Uy* resulting from a large cia/aping 
surface* together with the inherehdy rieah 
design, *nakr it very reliable m operation; 

The dovetail offset type of boring dVuek 4 
Fig, H4, is some%vh^ ^hiirt% ifem the $mv<i: 
block As an addctl SdyaiVtage,; the top] is 
ittoved diradiy outward in M, straight line by • 

{he .adju^tihg. ;;’peyi||ils:- the rise of 

rxiddeugih dj&te vnhhtft the value of 

the gradiKiiion, >ip§s not 

equal that oj the svvhyei type Due to ibis Same 
straigluTme movement, this chuck, is conven¬ 
ient for squaring sbfxddei *md. fating. bosses* 

Dut* to the nveessat f cui~.and-try method of 
adjusting any boring tool, there is definite, 
advantage in being abic lb leavt the adjust¬ 
ment set to culro a particular sfec lor repeirV 
live work To this end. a series of boring loots, 
shown in Fig, U5* baa bben devdoped. These 
boring bars are bf.'the solid type and are ad¬ 
just able over a /ei^tieely short range by means 
of graduated- &jre!w$. The series eovgr:^ a rari^e 


Fig, jl* — i he .. >b leaf tqpi't : $pg& ou rpWuefrd. ift 
'tfamrifidth' ctnd <yh€t a range from .($5* % L*Xj :• '. 
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Fig. 119 — Graduations on each Moore leaf taper gage 
overlap the next by .010". 


Variation in the machinability of com¬ 
monly encountered materials, together with 
the difference in spring or deflection of various 
types of boring tools, make experience the only 
practical way to master the technique of bor¬ 
ing to size. Implied in any discussion of fin¬ 
ishing and sizing, however, is the attendant 
problem of measurement. In a very real sense , 
it may be said that the ability to measure accurately 
is the most important factor in the ability to 
size accurately . 

Measurement — Relatively accurate meas¬ 
urements of hole diameter can be made with 
the familiar inside caliper. When it is set to 
touch the sides of a hole, the dimensions may 
be read on a micrometer. Slightly more accu¬ 
rate results may be had by substituting a 
telescopic gage for the caliper. 

More accurate than either of these is the 
plug gage, but it can only measure a hole 
whose size is exactly that of the gage. Unless 
an infinite range of gage sizes is available, it 


cannot measure a hole before it is finished, 
nor determine how much stock remains to 
be removed. To overcome this limitation, a 
hole-measuring instrument, the flat leaf taper 
gage, Fig. 118, has been developed. This set 
of gages covers a range from .095" to 1.005", 
with the graduations at the end of each over¬ 
lapping those of the next, Fig. 119. 

As shown in Fig. 120, this type of gage con¬ 
tacts the hole at the top and, being short, 
conveniently clears cutting tools. Obviously it 
cannot determine errors in the geometry of the 
hole, i.e., bellmouth or taper; nor can such 
gages be read to a “tenth.” They are invalu¬ 
able for keeping track of size during roughing 
and as a guide to approaching finished size 
prior to plug fit. 

Also capable of more flexibility in use than 
a plug, and of equal accuracy, is the indicat¬ 
ing type gage, Fig. 121. Set against a microme¬ 
ter or master ring, it readily shows deviation 
from true cylindricity as well as diameter 
of the hole. 

General Operating Practices — While it is im¬ 
practical to follow any prescribed set of rules 
in the operation of a Jig Borer, due to the 
wide variety of work sure to be encountered, 
the following general sequence should be 
followed whenever possible: 


Fig. 120 — Size of hole is read from gage at point of 
contact with top edge of hole. Overlapping graduations 
on the large number of gages comprising the set eliminate 
interference from shoulders. 
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Fig Ili ■ - Hwliaitirii* jiff* M< ■togs* fjrr not miiy more perutliU m to m.*& rang,: (turn plug ^<y>. 
hiif rental liw geometry of a boh . 

TV Kj?> up the wprVpieet carefully to insure proper 
; r®&tniri to^ travel/ 

2; EHt^bil'^h tVic dimehsipnai relationship between 
th« reference point oci.rbe work and the spindle 
•.;■*■ -avis*. '^efe^ rhi^’xo the measuring system by 
■ and dials • as described in 

v • Chapter , 7 V- - - • ' * , - ( / 

^poviHe posUipn of ail holes lightly with > 
center drill- 

4, Repeat step 3 ? re^peittmg to thedepih necessary 
to provide an adequate guide for the subso 
queirt drilling bgcmtiorL VVMe Step \ may 
appear unnecessary the respecting w goc*l 

ipsUrapce against the most. eoxtirnoir operator 
i-rror of mtsrearimg the scales by" the 

t&rf by MO*,. 'jV;-; V • *V/\ • •. G ' V • 

57 $11 .v.'lt^fcH -*o rteariy. finish before 

;. fbi|inug ah^jf^ thecn. Qnlluvg Or $we<;pMg &f>.*, 

the tphsf jdJffideht means tor aecpntpli^iirtg 
-Sot only is the stock removed 
rndhe rapidly than bv' taring; but less >iide 


thrust is exerted on the work, < i<i iusiCra\H.e:, 
against shifting. When drilling large holes the 
$ze’’should be increased in steps of about /-- % r 
to avoid pushing iBii inetttciem center web of 
large drills through:solid Mock. 

h. Go hack. and check the original selling bf die 
work, step 2, to niakr mr*r it has not shifted 
. during' roughing- On particularlv accurate 
work its tempera lure should be gllfuvved to 
;rptiiro:;U>'. ; fi^ of the topin' tafpfe :-innaking'- this, 
check 

?, F i hfwhrtK).n:, all hol,e$ to size. The fund cub 
utdes* -art excessive amount of stock has been 
left from roughing, will not maicri'ally .atlec*: 
work temperature. 

8. Check the location of each hole after hashing 
re-established the original reference- Indicating 
each hole from tile spindle is au extremely 
sensitive and accurate method of inspection, 
since the reading shows twice the actual dis¬ 
placement or error of location. 
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finisbc-d ctincurr^nily a# cf matte' Jo./, figures' 
rather than jnsi ” to.fi tT lnaddtik>?titt£pr-ediiu; 
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a wheel, the contour was ground complete, to 
size and location, without blending. As a re¬ 
sult, the punch and die were assembled with¬ 
out fitting, with a uniform .0005" clearance. 

In this instance, the Jig Grinder aided the 
making of a vastly superior tool at far less cost 
than could have been achieved by any other 
method. 

In order to perform the important addi¬ 
tional operations of contour grinding, as well 
as to improve the efficiency of conventional 
hole grinding, the original machine, Fig. 125, 
was completely re-designed. The new de¬ 
velopment, Fig. 126, includes some interesting 
features resulting from the use of inter-related 
hydraulic, pneumatic, electrical and mechani¬ 
cal mechanisms. 

Although the Jig Grinder is rapidly be¬ 
coming a recognized basic type of machine 
tool, it is still new to many. For this reason it 
may be well to compare it directly to the more 
familiar Jig Borer, particularly since all of 
the measuring and positioning portions of 
both machines are identical, and both ma¬ 
chines are of the vertical spindle type. 

Hole grinding with the Jig Grinder is 
based on the familiar motion encountered in 
single-point boring; thus, the analogy be¬ 
tween Jig Grinder and Jig Borer becomes 
even more apparent. This may be clarified 
if the grinding wheel is compared to a tool 
bit held in an outfeed boring chuck, as would 
be common practice in the case of the Jig 
Borer. 

Because hole grinding must be performed 
with the workpiece and table in a fixed posi¬ 
tion, a planetary motion is imparted to the 
grinding wheel spindle as a means of control¬ 
ling hole diameter. This was accomplished 
by vertically mounting the pneumatic turbine 
grinding spindle on a nominally horizontal, 
adjustable dovetail slide attached to the lower 
end of the spindle assembly, Fig. 127. 

Since the axis of rotation of the main 
spindle is fixed by a pair of extremely accu¬ 
rate preloaded ball bearings, it is apparent 
that displacement of the axis of the grinding 



Fig. 727 — High-speed pneumatic grinding spindle ad¬ 
justably offset from main spindle. Lower view shows 
planetary path of rotation. 

spindle from that of the main spindle will 
result in an increase in the diameter of the 
hole being ground, Fig. 127, lower view. 

Where Jig Grinder Differs from Borer — The 

preceding description covers what might be 
termed a “basic” Jig Grinder, but it neglects 
two considerations: The ability to outfeed 
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TAPER SETTING SCREWS 




Fig. 128 — Main spindle assembly (left), inclinable guide sleeve set for straight grinding (center), 
and set for taper grinding (right). 


the wheel accurately while grinding, and the 
ability to grind tapered holes. The importance 
of these features alone precludes the idea of 
converting a Jig Borer to an efficient Jig 
Grinder by the mere addition of a grinding 
spindle. Additional refinements have further 
sharpened the line of demarcation between 
the two machines. 

Taper Setting — Because taper grinding re¬ 
sulting from integrating downfeed with out- 
feed would involve structural as well as opera¬ 
tional complications, and would require the 
use of taper dressed wheels, a more straight¬ 
forward solution was sought. This resulted in 
a spindle assembly, Fig. 128, into which an 
inclinable member was introduced. This in¬ 
clinable vertical guide sleeve is pivoted at 
its lower end on a pair of diametrically op¬ 
posed pivot pins projecting inward through 
ears on the lower end of the hollow main 
spindle, Fig. 128, center. 

Thus, by adjustment of the taper-setting 


screws, the axis of the bore of the vertical 
guide sleeve may be inclined at an angle to 
the axis of rotation of the assembly, Fig. 128, 
right. Likewise, this inclinable axis may be 
made to coincide with that of the spindle for 
straight grinding. 

In order to transmit the reciprocating 
motion necessary for grinding, a vertical slide 
is fitted within the bore of the guide sleeve, 
Fig. 129. This slide is free to move axially in 
the bore of the sleeve and is keyed to it. The 
dovetail slide, previously described as carry¬ 
ing the offset grinding spindle, is mounted on 
the lower end of the vertical slide, Fig. 129. 

In Fig. 129 is also shown the cone gener¬ 
ated by the slide as it reciprocates on its 
inclined axis, which is rotating about the 
fixed, vertical axis of the spindle. By con¬ 
struction, the axis of the grinding spindle 
remains parallel to that of the vertical slide, 
whether the latter be set for straight grinding 
or inclined for taper grinding, and may be 
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Fig. 129 — Reciprocating vertical slide mounted within 
inclinable guide sleeve. Main and control spindles are on 
a single, fixed axis. 


outfed in either position, as previously de¬ 
scribed. It will be observed that, even for 
taper grinding, the wheel is dressed to the 
conventional cylindrical shape, Fig. 129. 
Vertical Feed — Because the basic reciprocat¬ 
ing member of the Jig Grinder is inclinable 
and located within the rotating spindle as¬ 
sembly, the conventional direct rack and 
pinion method of imparting vertical move¬ 
ment could not be employed. Consequendy, 
it was necessary to introduce a rotating con¬ 
trol spindle above the main spindle assembly 
and coaxial with it. This member could then 
be reciprocated together with its supporting 
yoke and transmit both vertical and rotary 
motion to the upper end of the vertical slide 


through a tubular, semi-universal drive link. 
This construction permits the slide to be in¬ 
clined at an angle to the mutual axis of the 
main and control spindles, Fig. 129. 

To maintain alignment between the con¬ 
trol spindle and the main spindle, and to per¬ 
mit vertical movement of the former, the 
aluminum yoke which contains the control 
spindle is supported on a pair of hardened 
steel, vertical guide rods. These rods are 
located at either side and to the rear of the 
spindle paralleling its axis, Fig. 130. The 
upper ends of these rods are fixed in the yoke; 
the lower ends are located, but free to move 
vertically, within hardened bushings in the 
main spindle housing. 

At this stage of design, it was apparent 
that racks in the lower end of the guide rods, 
operating with pinions on a transverse shaft 
through the main spindle housing, would 
provide a satisfactory vertical actuating 
means. A handwheel on the end of the shaft 
serves to complete the mechanism. 



Fig. 130 — Alignment and vertical hand movement are 
achieved by means of guide rods. 
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Fig. 131 — Assembly for controlling size by outjeed 
while grinding . Dial setting outjeed is graduated in 
“tenths” 


Outfeed — Outfeed while grinding is con¬ 
trolled by an internally threaded, graduated 
dial, much like the barrel of a conventional 
micrometer, mounted on the non-rotating 
yoke outside the control spindle and concentric 
with it, Figs. 130 and 131. By virtue of the 
screw thread, rotation of this dial causes an 
axial movement which is transferred by an 
anti-friction bearing to a spring-loaded thrust 
rod system in the rotating control spindle and 
vertical slide. An inclinable link within the 
drive link transmits thrust, even when the 
slide is set for taper grinding. A cam on the 
lower end of this rod, working against a 
pivoted lever, translates this axial movement 
into lateral displacement of the dovetail slide 
carrying the grinding spindle. The dial is 


calibrated in tenths of one thousandths of an 
inch, permitting accurate control of hole 
diameter while grinding, Fig. 131. 

Coarse adjustment, to permit approximate 
positioning of the wheel in relation to the 
surface to be ground, is effected by means of 
a fine-pitch screw within the dovetail slide, 
accessible only when the spindle is stopped. 
Inasmuch as the thrust from the pivoted lever 
is applied against a pivoted nut on the coarse 
adjustment screw, it is a simple matter to 
spring-load and dovetail assembly against 
this nut. Thus, any backlash is eliminated in 
both the screw and lever. 

Spindle Housing Adjustment — In order to 
accommodate workpieces of varying heights, 
the main spindle housing assembly is located 
in vertical double V-ways on the column face, 
and can be positioned within a range of 11 *. 
It is counterbalanced by a weight in the 
column through a roller chain and sprocket 
system, and may be locked in place by a clamp 
during operation of the machine. 

This type of construction avoids excessive 
overhang of the vertical slide, which would 
magnify any slight inaccuracy in the ball 
bearings; yet it permits great flexibility of 
adjustment. 

Main Spindle Drive — The preceding basic 
design features are common to both the orig¬ 
inal Jig Grinder and the new model. The 
remainder of the design differs significantly 
from that of the original and incorporates the 
desired additional performance features. 

Two apparently irreconcilable factors cre¬ 
ated a troublesome problem in the design of 
the main spindle drive. It was necessary to 
establish the overall, fixed shipping height 
of the machine at about 90" in order to 
avoid the necessity of horizontal handling in 
trucks, elevators and doorways. At the same 
time, in keeping with capacity increases in all 
other respects, it was mandatory to increase 
the distance between the work table and the 
grinding wheel spindle by several inches. 

Requirements of the spindle drive are that 
it shall provide a range of speeds from 85 to 
350 rpm, transmit hp, and permit the 
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spindle to be disconnected from the drive. 

Any consideration of a variable-speed drive 
of the adjustable-pitch sheave type mounted 
on top of the column was quickly discouraged 
by the space requirement. Furthermore, ex¬ 
perience proved that, while it is necessary to 
hold some relationship between main spindle 
speed and the size of the hole being ground, 
there is no sacrifice in grinding efficiency over 
a relatively wide speed range. A four-speed 
motor provided enough speed range and 
eliminated the complexity of a variable- 
speed drive. 

From the standpoint of simplicity, it would 
have been highly desirable to mount such a 
motor directly on the yoke, thus eliminating 
power transmission problems. This was not 
possible, however, because such a weight ad¬ 
dition could not be tolerated on a rapidly 
reciprocating member, nor could the added 
height be permitted. All other considerations 
dictated a vertical, shaft-up mounting within 
the upper end of the column. 

The power transmission problem is to con¬ 
nect the shaft of the fixed motor to the control 
spindle, which is vertically adjustable over 
an IP range and has a reciprocating 

stroke. Consideration was given to the ortho¬ 
dox systems of V-belt, gear train and fixed 
shaft types. In each case, mechanical com¬ 
plexity, space requirement and lack of 
suitability forced a new approach. Analysis 
of the actual transmission requirements re¬ 
vealed that although the motor was rated 
H hp at 1,200 rpm and proportionately at 
900, 600 and 450 rpm, the actual power re¬ 
quirements of the machine are but a fraction 
of that available. 

Flexible Shaft Selected for Drive — After 
thorough test, a specially designed flexible 
shaft was chosen as the power transmission 
member. This solution presented several ad¬ 
vantages: Simplicity, freedom from vibration, 
minimum space requirement and ample 
capacity. 

A necessary speed reduction of 5 to 1 be¬ 
tween the motor and control spindle, and 



Fig. 132 — Flexible drive transmission assembly includes 
drive shaft , pneumatic and hydraulic lines. 

the fact that a flexible shaft is better suited to 
transmit power under high-speed, low-torque 
conditions dictated that the reduction occur 
at the spindle end of the drive. A simple 
spur-gear reduction was employed. This was 
housed, together with a positive, tooth-type 
clutch, on the yoke at the upper end of the 
spindle. This arrangement further served to 
place the disconnect clutch control within 
reach of the operator. 

As applied, the shaft is looped through a 
180° arc from the motor shaft to the re¬ 
duction gear housing on the yoke, Fig. 132. 
The height of this arc is determined by the 
position of the main spindle housing, so that 
by lowering the housing it is possible to com¬ 
ply with the shipping height requirement. 
Power Reciprocation — Mechanical recipro¬ 
cation of the yoke and connected member 
appeared impractical, due largely to the ne¬ 
cessity for infinite rate from 0 to 120 strokes 
per minute, and an adjustable stroke from 
to 3? 6". On the other hand, the natural 
identification of reciprocating motion with 
piston stroke pointed toward utilization of 
compressed air, already necessary for opera¬ 
tion of the pneumatic grinding spindle, and 
therefore available at 100 P.S.I. as a power 
source. 

In its simplest form, such an application 
would consist of a double-ended cylinder 
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other through the flow-control valve. The 
fluid, being virtually incompressible, permits 
infinitely fine control of the rate of travel, by 
means of the adjustable orifice in the valve. 

To avoid changing the travel rate setting 
of this valve to give unrestricted flow for 
hand feeding, a supplementary by-pass valve 
was included in the hydraulic circuit. This 
valve, controlled by a push button through 
a solenoid, makes possible instantaneous 
change-over from auto-feed to hand-feed by 
opening a direct passage from one end of the 
cylinder to the other. 

Compensating Fluid Seal — Although the 
hydraulic circuit has been previously referred 
to as a closed circuit, it is only nominally so. 
In the final version of the design, a supple¬ 
mental, pneumatically pressurized hydrau¬ 
lic sealing system was superimposed on the 
basic hydraulic control circuit, Fig. 133. This 
solved several problems and offered many 
advantages: 

1. It provided a fluid seal against the cylinder 
piston rod seals, so that any leakage at that 
point could not be replaced by air. 

2. A small (.0135*) passage connecting the con¬ 
trol circuit with the sealing system compen¬ 
sates for the volumetric change in the fluid of 
the otherwise closed circuit. The sealing system, 
being pneumatically pressurized, bleeds fluid 
suflficiendy to maintain a constant pressure in 
the cylinder regardless of temperature changes. 

3. The sealing system includes a large reservoir 
which automatically keeps the circuit full and 
eliminates the need for any attention to the 
entire assembly for a period of years. 

4. Being pressurized, the entire fluid content of the 
circuit may be easily rid of entrapped air 
through a bleeder plug at the upper end of the 
hollow piston rod, Fig. 133. 

Pneumatic Counterbalance — In the new 
design, rapid reciprocation and lack of any 
overhanging member from which to support 
the assembly precluded the use of a counter¬ 
weight to balance the moving parts. At first, 
the idea of hollow guide rods enclosing com¬ 
pression springs appeared to present a possible 
solution. Calculation quickly showed that a 
four-foot length of spring would be necessary- 


in order to achieve a satisfactory low spring 
rate. This was ruled out for lack of space. 

Natural similarity of the guide rod and its 
bushing to a piston and cylinder pointed to 
their use as such, in order to derive a balanc¬ 
ing effect from compressed air. Application 
of this idea proved to be relatively simple. A 
U-cup packing was fitted to the lower end of 
one of the guide rods and by capping the 
lower end of the bushing, the chamber thus 
formed could be pressurized. 

Inasmuch as the nominal weight of the 
parts to be balanced was approximately 73 
pounds and the area of the guide rod end was 
one square inch, it was apparent that a pres¬ 
sure of 73 P.S.I. would support the assembly. 
One variable entered into the situation — 
the non-uniform weights of the three different 
grinding heads and the slot grinder, any one 
of which might be mounted on the slide. This 
factor meant that the total weight to be 
supported might range from 76 to 83 pounds. 
As previously mentioned, the pneumatic re¬ 
ciprocation cycle would operate without 
noticeable difference within a pressure range 
of 70 to 90 P.S.I. The identity of pressure 
ranges satisfactory for this purpose, and that 
required for counterbalancing, pointed to the 
use of the same regulator for both systems. 
Thus, slight adjustment of the regulator would 
perfectly balance the weight of the recipro¬ 
cating parts, regardless of which of the at¬ 
tachments might be mounted on the slide, 
without affecting the power stroke. 

As described, this system would serve only 
as a static counterbalance, while the function 
of the machine requires the dynamic type. 
This required a pressure-sensitive valve which 
would perform the following functions: 

1. Admit air to the guide rod bushing as the rod 
moves upward, holding the pressure constant. 

2. Maintain constant fixed pressure while the 
machine is at rest in any position. 

3. Compensate for volume change as guide rod 
moves downward, by permitting sufficient air 
escape to avoid pressure change. 

In its final development, this valve took 
the form of a self-trimming, line pressure 
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regulator with a compensating relief port on 
the output side. The resulting system pro¬ 
vided a counterbalance so effective that no 
feeling of weight could be detected during 
hand operation of the vertical movement. 

One further problem was encountered in 
this portion of the design. When the air supply 
was shut off overnight, there was no support 
for the vertically moving parts. To correct 
this, a check valve and an accumulator were 
added to the counterbalance system, so that 
the latter provided the necessary static pres¬ 
sure to support the assembly, despite failure 
of line pressure. 

Operational Controls — Operational controls 
of the machine may be divided into two 
classifications: Automatic and manual. Be¬ 
cause the reciprocating stroke represents the 
only fully automatic cycle of the machine, it 
will be discussed first. 

Power Stroke, Automatic — The momentary- 
contact, solenoid-operated, four-way valve 
previously described as controlling this cycle 
is normally energized by two fixed limit 
switches in the main spindle housing tripped 
by adjustable stops attached to the yoke. This 
causes automatic reversal at either end of the 
stroke. These stops are so arranged that, by 
adjusting two pinion knobs operating with 
rack-cut rods, the stroke length may be ad¬ 
justed between and a limit of }£/% of 
travel. Any stroke shorter than the maximum 
can be positioned anywhere within the limits 
of travel. 

Power Stroke, Manual — This cycle may also 
be manually controlled by a lever arranged 
to trip either of two limit switches, so con¬ 
nected as to cut out the auto-cycle switches. 
Reversal of vertical movement may be in¬ 
stantly and exclusively controlled by the 
operator. He may reverse the stroke at any 
point and, so long 21 s the yoke remains within 
the range established by the auto-cycle limit 
switches, release of the self-neutralizing lever 
merely restores the automatic cycle. However, 
by holding the lever in the desired direction 
until the auto-cycle limit switch has been 


over-ridden, the stroke will continue to its 
travel limit, where it will remain. To return 
to the auto-cycle stroke, it is only necessary 
to move the lever momentarily in the oppo¬ 
site direction, thereby causing the stroke to 
re-enter the zone between the limit switches. 

Hand Food — To use the handwheel for ver¬ 
tical movement, it is necessary to complete 
the following cycle: 

1. Cut off the air supply to the pneumatic cylin¬ 
ders and open both ends of the two cylinders 
to exhaust. 

2. Move the by-pass valve in the hydraulic 
control circuit to wide open, for free flow of 
the fluid. 

This necessitates a three-way, solenoid-con- 
trolled valve in the line supplying air to the 
four-way valve, Fig. 133. Since the function of 
the four-way valve is to pressurize alternately 
the upper and lower ends of the air cylinders 
and simultaneously exhaust the opposite ends, 
it follows that one end of each cylinder is 
always connected to the air supply line while 
the opposite end is open to exhaust, Fig. 133. 

The three-way valve is controlled by two 
push buttons on the control panel. The button 
marked “Hand-Feed” positions this valve so 
that it shuts off air to the four-way valve and 
opens the previously pressurized port to ex¬ 
haust, thus completing the first step. 

Simultaneously, pressure which has held 
the by-pass valve closed during power opera¬ 
tion is released by the same three-way valve, 
Fig. 133. Its spring then returns it to full 
open position, completing the second step. 

Instantaneous return to power reciproca¬ 
tion is provided by a push button marked 
“Auto-Feed.” This reverses the position of 
the three-way valve, pressurizing the four-way 
valve and by-pass valve for power operation. 
Spindle Rotation, Power — Speed selection for 
the four-speed motor driving the main spindle 
is governed by a four-position selector switch. 
Actual starting and stopping at any selected 
speed is handled by a pair of appropriately 
marked push buttons. 

Spindle Rotation, Hand — The disconnect 
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include this range in one self-powered spindle; 
unfortunately, it is characteristic that, while 
power is approximately proportional to speed, 
the requirement here is inversely proportional. 
Air, rather than electricity, was chosen as a 
power source for the vertical spindle for 
several reasons: 

1. Speed can be easily controlled by regulation 
of air pressure, as contrasted with the complex 
system of controls and equipment necessary to 
accomplish this electrically. 

2. Ample power, up to 1 hp, can be delivered to 
the spindle in a design much more compact 
than would be possible with an electric motor 
of equal power. 

3. Self-cooling is inherent in pneumatic motors, 
a result of the refrigerating effect of volumetric 
expansion of the air within the motor, thus 
eliminating the very troublesome problem of 
heat. 

4. Load applied, even to the stalling point, can¬ 
not possibly damage a pneumatic motor, 
whereas extensive damage may result from 
this source in a high-speed electric motor. 

5. Only one connection is necessary in a pneu¬ 
matic motor, the air supply, whereas, in addi¬ 
tion to the input and exhaust lines needed for 
the cooling medium, electric current must be 
conducted to the planetarily rotating head 
through slip ring or similar troublesome 
collectors. 

Three models of the vertical spindle type 
were necessary to cover effectively the speed 
range required, without excessive power loss. 

For low speeds (10,000 to 14,000 rpm), a 
positive displacement, vane-type motor was 
chosen for its ability to develop power at low 
speed. 

The range from 20,000 to 40,000 rpm, as 
well as that from 40,000 to 55,000 rpm, was 
covered by two models of the impulse- 
reaction turbine type, differing essentially 
only in rotor diameter. This design avoided 
the problem of friction at high speeds, which 
would be excessive in the displacement type, 
due to centrifugal loading of the sliding vanes. 

Although rapid interchange of the various 
spindles is provided for by a quick-acting 
mounting on the slide, it was found that the 


versatility of the 20,000 to 40,000-rpm head 
permitted it to be used efficiently for a range 
of holes from .030' to 3' in diameter. This 
takes care of about 90 per cent of all normal 
requirements. 

Horizontal Spindle — The horizontal spindle 
presented an entirely different set of condi¬ 
tions affecting the choice of power source. 
Essentially, this accessory was designed to per¬ 
mit grinding of contours consisting of flat 
surfaces, either straight or angular, or rela¬ 
tively large radii, within the workpiece. A 
typical example is shown in Fig. 136. 

An electric motor drive was chosen, after 
consideration of the following factors: 

1. Due to the nature of its function, the horizontal 
spindle is never rotated through an arc of more 
than 359°; thus a conductor may be directly 
connected from power source to motor. 

2. With the motor mounted horizontally above 
the spindle, a belt drive permits speed increase, 
from motor to spindle, by a ratio of pulley 
diameters, and with a W<i w diameter wheel, 
a standard 18,000-rpm motor could be used. 

3. Heat in this type of motor is slight. It is dissi¬ 
pated by an integral fan in such a direction 
that no heat reaches the machine or workpiece. 

Stability Control — Because of the extreme 
operational accuracy requirement of this type 
of machine, the problem of dimensional sta¬ 
bility becomes extremely important. Common 
sources of instability include: 

1. Deflection of structure resulting from stresses 
set up during operation. 

2. Movement of any member by clamping pres¬ 
sure preparatory to operation. 

3. Thermal expansion. 

The first two sources posed no problem. 
Because of the relative massiveness of the 
machine members and the extremely light 
stresses during operation, elastic deflections 
are negligible. Use of the reed-type, non¬ 
influencing clamp for locking work table and 
a constant-pressure clamp for locking the 
main spindle housing to the column pre¬ 
cluded clamping error. 

Thermal expansion proved to be the most 
difficult condition to correct. Although atmos- 
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Fig. 737 — Characteristic of locational error resulting 
from uncontrolled spindle warm-up movement. 

pheric temperature can be controlled by air 
conditioning, difficulties arose from the many 
sources of temperature variation within the 
machine. In the Jig Grinder this results in 
two highly undesirable phenomena: 

1. Change in the preload of ball bearings. 

2. Errors in workpiece resulting from expansion 
and contraction of location control members. 
Location of the pneumatic cylinders on 

either side of the hydraulic cylinders in the 
yoke — in addition to avoiding a mechanical 
stress problem — provided an almost perfect 
temperature compensation condition. While 
fluid friction caused a slight rise in tempera¬ 
ture in the hydraulic portion of the assembly, 
the cooling effect of expanding air in the 
adjacent cylinders canceled this and served 
to maintain a uniform operating temperature 
of 70° F. 

Unfortunately, the 12° rise resulting from 
rotation of the hollow main spindle in its 


preloaded ball bearings was immediately 
apparent in locational errors in the work, 
Fig. 137. This heat caused an expansion of 
the main spindle housing from its locating 
face on the column. This phase of the prob¬ 
lem required a design modification in two 
respects. Instead of conventional iron castings, 
the main spindle housing is cast from a special 
36% nickel iron, having a coefficient of ther¬ 
mal expansion approximately one-fourth that 
of gray iron. 

To further stabilize this member, a heating 
element is located in the casting, adjacent to 
the bearings. This heating element develops 
substantially the same B.T.U. value as do 
the bearings. It is so connected to the motor 
control circuit that when the motor is run¬ 
ning the heater is off, and vice versa; thus 
the housing is maintained at operating tem¬ 
perature at all times. 

In the high-speed, vertical grinding spindles, 
temperature rise introduced the problem of 
variable ball-bearing preload. This was over¬ 
come by use of compression springs as a pre- 
loading means; thus, over the short range of 
dimensional change encountered, the axial 
load remained virtually constant. 

Each of the preceding constructional fea¬ 
tures is vitally important in the accuracy and 
efficiency of machine performance. Familiar¬ 
ity with these points will contribute much to 
comprehension of the Jig Grinding practices 
discussed in the next two chapters. 
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CHAPTER ‘ ^ 


JIG GRINDING HOLES 


Ihe Jig Grinder has been described as per¬ 
forming the same functions in hardened mate¬ 
rial as does the Jig Borer in unhardened. This 
is correct only insofar as the location of cylin¬ 
drical holes is concerned, but fails to include 
the Jig Grinder’s ability to generate tapers 
and contours. These additional functions, as 
well as differences in working conditions, 
impose somewhat more exacting requirements 
in each of the Jig Grinding steps than gener¬ 
ally are encountered in Jig Boring. 

Setting Up the Workpiece — Everything said in 
Chapter 7 about setting up the workpiece for 
Jig Boring is equally applicable to Jig Grind¬ 
ing — plus certain additional considerations. 

Jig Grinding, as a finishing operation after 
machining of the same location and subse¬ 
quent hardening, presents a more exacting 
orientation problem, both in setup and di¬ 
mensional pickup. Here is the reason Where 
two or more locations must be ground, and 
assuming a minimum of stock left for grinding, 
a certain amount of “juggling” is necessary 
to insure “cleaning up” of all surfaces within 
dimensional limits. While in the case of 
simpler jobs, the setup methods described for 
Jig Boring are equally adaptable to Jig Grind¬ 
ing, workpieces having several locations to be 
ground often benefit from the use of a rotary 
table as a means of angular orientation in 
averaging out errors from previous machining 
and hardening distortion. In this application 
the rotary table is used as a setup tool and 
need not be used for angular spacing. 


Work need not be clamped or held so tightly 
for Jig Grinding as for Jig Boring, since the 
pressure tending to shift the piece is so much 
less. Therefore, care should be used to snug 
down on clamp nuts only enough to prevent 
displacement during grinding and thus avoid 
distortion of the workpiece. 

It is often convenient to be able to gage the 
bottom of a hole, and the work should be set 
high enough for this on supports or parallels. 
In most cases the 3" dimension of the parallel 
setup blocks is adequate. 

Dimensional Pickup — As in the case of Jig 
Boring, after geometric orientation of the 
workpiece to machine travel and averaging 
of any errors, its relationship to the measuring 
system and spindle axis must be established. 
Mechanically the same methods are em¬ 
ployed, i.e., the straightedge, edge-finder and 
indicator. 

In effect, the dimensional pickup of work 
for Jig Grinding is a matter of deciding just 
where to locate the piece in the coordinate 
locating system of the machine, so that all 
existing errors can be corrected in grinding 
to size. This is done by setting the scales and 
dials to a reference represented by the average 
determined by picking up most, if not all, 
of the locations to be ground. In practice, this 
dimensional orientation is usually combined 
with angular or geometric orientation and is 
performed simultaneously, Fig. 138. 

This step of “mapping the campaign” is 
extremely important. Failure to take some of 
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Fig. 743 — Wheel balance , attained by proper dressing , contributes much to finish and size control . 


of the hole to be ground. In this way the wheel 
will be rigidly supported as close as possible 
to the grinding spindle nose. Frequently it 
pays to cut down an unnecessarily long shank 
with a hacksaw to attain this condition. 

Wheel diameter should be approximately 
three-fourths that of the hole, except in the 
case of large holes where this ratio must 
be reduced. 

Wheel Dressing — Equal in importance to 
wheel selection is the technique of dressing or 
trueing the wheel. An improperly dressed 
wheel will produce the following undesirable 
conditions: 

1. Poor finish on the surface being ground. 

2. Out-of-round holes. 

3. Unintentional taper or bellmouth. 

4. Locational errors. 

5. Surface burns. 

In order to avoid these difficulties, and be¬ 


cause it requires but a minute or two longer 
to properly dress a wheel, it is desirable that 
the following technique become a working 
habit: 

1. Running the wheel at a reduced speed, dress 
the bottom face and top surface, including any 
cement around the shank, Fig. 143, with a 
carborundum stick, held by hand. 

2. Before increasing speed, dress the diameter 
clean, using a sharp diamond, Fig. 144. 

3. Repeat steps 1 and 2 with the wheel running at 
operating speed. 

4. Relieve the upper portion of the diameter a few 
thousandths, leaving approximately x /i ” of 
cutting face, Fig. 145. 

5. For grinding a shoulder or bottomed hole, 
concave the bottom face of the wheel slightly 
with a carborundum stick, Fig. 146. 

This procedure will develop the best cutting 
characteristics of the wheel. During outfeed or 
wipe grinding (see page 128), only the diame- 
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to r\xm is shown on a chan. JRg. N.8 fog same ilhjMraiimi that the wheel has been 

Shouldered Holes — Whed size should l>vr .diiduls concaved on the Itbnom Uy a oarbu- 
smalt enough so that-■■the back of she wheel rtindunVXli^kr 

will dear/ fig. 149, in order vo avoid -scrifitng Depth k-eoiitrolled id this operation by the 


1 H.P. STANOAfSD'AtR HEAD 


f jeidoo j 19,400 : 23.000 j 26.400 ;29;700 j 33,200 | 36,600 j 40,000 


j#£QQ -| 36, 000 4i,soq 46 ,000 j 4&000 

v »-: &$£. — “ f i‘. J ; :/ “V ***+• r-/*^**•^ 7 .* v —* /——!a-— X i , ^ 

R P M. 5.5CK/ j 3,000 1 10.000 (1.000 (2,000 I (3,000 j 14.000 j 15,000 


V. H.P. HIGH SPEE0 A1R HEAD 


51,300 ! 56,200 j 60,000 


Fig. IdSy — Thix ahatl ftrupufex a 










JIG GRINDING HOLES 


imp 

■wmMi 


wM» 


Fig. i-F> If it hit l iv too large- ifefi) ir / vitf/.#' / / ‘ c// ; ^rV «ajht <fttfan r // <ho&tii : for'.mall 
trough to dear opposite tide of Mi {rtghtY. 


positive .<U>p. which is set so rh&t the u4kcI 
just IjrU^hejy Iho krrfa<;< v of the shoulder:. Tfc<- 
ciiavrirlt-r oi the Jiul'e^. ground cceneriuonrdlv- 
f(Ti[)H)aimc the wheel. i>v hand. ;ind sumih 
Uuieoush jredmg d<v.vn to than the should.? 
by badkiog pit on depth stop ‘screw \uiitH dyy 
suriaev 'dranV’ or a desired depth is bed 
Toffrer Hote Grfrtdiivg — Tt>** Jit* Grinclev can 
! *• >e» iv> ennb mper in cither direct inn. as 

indlcaU'cMh da -ai>or->»euine. pbm\ Fit’- 1 5 o. 
Adjustuient is uhide by baekmg oH one and. 

;o(K<& of tfrt: opposing 
utGh screws Fi^. 128, 

Ordinnniv tfei« sulhbeniK eccu~ 
ran* a* read In decrees on die laprr-settiny 
place. Howet n, when a precise angular set- 


Fig. / tO *?- Angic of taper ft Had diwily on taper- 
set ting plate, 


dpgyjy rcqu£r eth. U' ■ is. i >1 e IP transpose 

fhe irdorrnation intit thousandths taper per 
ipbh. I ’sing .an 'indicator against a square or 
d ng(e iron. cite set ting ca n be tnade t ly 

itF Uiesc. frls required taper jj$ ; road bp 

the indicator., through one inch Of vertical 
•;on die dmsadwi dial, 
Reversal ol this procedure, or Mjnsum; the 
taper snfuur screws to a zero change of indi¬ 
cator reading during Verdcit dmo. jneat. 
provides aft; etcettrate means oi retiring the 
machine lor .straight gritiding; . 

Cesutton shbuklbe pb.served itt lighictiiiTe 
rhr .adjusting scrCWS m these Opera, hone Ser 
qp too tiehtha they will hfrfcl vertical iiibvcv 
ment. left too hx»>:r\ they can ehmlv cause du 
ouidhfje nt mind ouMiVound.- 

1 he .actual, technique of caper grinding 
la I Is imo there dassifteations: 

J. TV> gone; Uiprj Uifoughuui du* Ivomk ol $ hdc 
set ihcaapcr. dess titg cvtn.ol anti Ch at. whh $p? 
Awheel Snipped; e*irgfi*lJt eiiitr it into the hqte : 
Sitice if. tyili first make pi/ritatn ai the bftttom 
d dv ifuiiv he sure, that it is ren-acted enough 
. U» cigar i his point. IJigp* oUUVeci graduaily'. 
spiriting thp wftegi by hand uhtil |( inak*^ 
brushing contact With th»: bouc.m rorner rif the 
hole; then back ofi aixtut .Fh rj^ .*n d^ outlet 
dial Moire starting dir spindle. Prr>ceed to grind 
as withyt .straight hoi. Fap ts| graduailv 
ft*edHi^ as the* hole progressively deans wp to 
the top; and ihr: riy^uirr.d ;^^ is attained, 

■ ’• 

^ g 

' i ' . f ‘7. 

A'"- - 








dillerenvy in angle* and the. high finish. live 
gradual advance of the taper toward the top 
P nut. a! wav.*, <*as\ to observe. \ [me from top to 
boutinl of tbie cyliwd.rie^fb?}^ rnadt* with a pipe 
\ckwKt dipped in iavnnt hnie before. stattidp 
taper grinding will dear!) shpvv progress of 
thr taper. Ilii* can be easily observed as the 
bine is cleaned Away' by thy wheel* fkrmittiiuy 
die depth to be measured with a scale 
A>- An 'aiternam^ .inethd'd., where the hole is 
•filialI or dilhcuh to aj|3>S 


- GRINDING 

mm MS 


MAIN SPINDLE AXIS 


* iv is sometimes 
Wire epnyenient fvm \6 grind taper to the top, 

is re-set and the 


.as in case 1.. The machine 
Upper portion »;»i the hole is ground straight. 

The‘pWwu hi this case is to determine the 
'-correct dbunWr of the end of the tapered hole 
in ration to the diameter of the cylindrical 
sectUm, so ihat tin* latter will be of the correct 
length, f ig. 155 iflusirauk the mndtbou^ of thk 
problem and provides a iommla, by which W 
correct diameter of thc. tiypcred Hole may lx- 
calculated in relation to die fctigth and diame¬ 
ter of the .cylindrical portion , v 

JIG GRINDING SMALL HOLES 

The minimum diameter of hole^ that cmh 
be ground with an abritsive Whcel fviW 
easily asUtblished. TXjxrience has amply 
proved* however. that diameters l>dov\ •%," 
cannot l ie ground rjfu trnflv w iih a conventional 
wheel. Tliix limitation is imposed by the in¬ 
herent weakness of such wheels and tliej/ 
shanks at eiheiem operating speeds. Approxt- 
-inatelv 6.UIJ0 sfm. 

Aii fdleieuve solution in ihis 


x S[TOCK 
REMOVED 


IrfyOf tabs l tin f’A removal in luptmg a si might 
hottmi 


hen tlii» hole must Jie. cylindrical for a por tion 
y;T hi fcfigtlr. iiefow which it must have draft 
oi taper, fig. i>: ; two met I rods, may br an* 
phiYci The most common .involves first grind- 
jny tke hole straight and to Afcea The taper 
yeitinjg is Uifcn made and, priKerding asm case 
1, thr tap^ryd portion is ground, to jiyithm the 
req mred distanee of the top Due to the slight 


Icniipeiv 

milting- cfftfcuW. hoW down to 

1 lb dkuoerer, be* d» djd use uf a- cUmnofivI- 
elWWri cpttr A grhtcHhg icKi.f; 

The; ^d vantages of this tool indude. 
Ld\i;txiijnrufo rigidity and strength as taiiiTpancT 
dp a grinding wheel. Fig. 154, 

2. ■ Miordrrls can fie ‘ tudor .uiadk' to suit rhr. exac* 
retpiiremefUK of each sped tic job. tUm provid- 
uvj: ideal lelaltouship ol tov*i diameter and 
length lb lhal of the holr 

5. The sfm Tr-»qiii.rr>nje.nt;' foe. ■efficierftj grindiryg.’k 
.♦.jipfoxiniaidy ufoc-quarier due of a w heel 
4 Diamond powder is aii idkil aMrnsiv*' kit bc?vh 
hardened sied and rat lodes. 

% The aenuil “cost povhok;; is less tban that of 
;♦ wheel,/.cfoe ttfeflieiehWy. ... . :•: 


f;g. T5J — frrtjwmti r a ponio# of' ?/rv; Mk 
fifl >• lOo'hrf'T 







JIG GRINDING HOLES 


The v :itiwd>^l.' itself should bomadp of soft 
eold-^allexi sfpci, S.A.E. U)W, turned to size, 
and staiipr m relation n:< ihx? hohy as shown 
in Fig l r o 

Cfr^giag the Working portion is accom¬ 
plished fotUiVvs*.. 

\ . Place- a small quantity of diamond dust die the 
edge of.-a block" of hardened (R&y 
Which has been moistened v\i*h light oil; 10 
! prevent los^ of the dust. y y.'^ 'fbff-fl' 


but noMo exceed 3^: 16; 


Mofldrei 


*■ Less than D by 0.00$' to* O.0T5 - hok 
lo 0.020' tor a itoie 

Diamond-charged surface 

Work 


Fig* 155 b Kf»'a*:thj in y ■ diormmd^Jiriig.a :k..c>- 
dnis has resulted in iher< p'ttyofwm/ ' ; y yy - 


Ftp- 1>5- Formula fm determining no A' r .?/ tupwff:: 
hyi^rtd' hole (a produce defied depth of xffetidpstii, 
■sf/mH'A. • 

,iV H'S'- wl (fr/w ciU inhere: 

f^?fj0fiied diawfifiT at top of in per o\ vrrgimthMouioi 
,1~ ifcitftd. <lrptH ; vf. cfmlriml portion of hide 

B * diameter- if 'finished cyUnJt mil port ion. 
u - (dtplr of tnpH (out \i*U). 


OlAMONO‘CHAftO£C AVANDMEf 
Om&nt 


MOUWeO GRINDING WHttl 


Ptg, t&f]md rigidity /if didwand-rforgm. 
fHftndlfif ?Air?# tfr^c of sf mouitted grinding wheel. 


Hammoaff produ;cf:- thf best results 









2. llold the mandrel bo that the working stir I are 
only Ifes cm the block in the dust. lap sharply 
with ^ a;(Small, hardened hammer while Tolling 
r.he mandrel to charge the entire worMhg stir- 
lace vudlortnly, Fjg. ISS-.’ Kxafminaudn of this 
ssniaot' wt.th a glass is a good guide while 
gaining experience in charging. 

3. Dip the nuitidiri i.n ayet one to reuune all tracts 
of oil 

The iUandi^;i i$ mounted civ /Ik: gnntlnw 
head and *p*m by hand to delect any ruimm'. 
whic h cun he comcwd h\ tapping \ «-rv 
lightlv -as required. Before grinding, the hole 
should h< : c.kvoH-d with j pipe r h-aum dipped 
ir> aeetopw 

L* rtt.il experience \< gained, rhe first mspm< 
of €:oDt'act. : ))etweeD• maiidre.l and work is ciffjfk 
cult to detenmne, because diamond dust docs 
rtdt produce *r spark. IlVtVeloetfdnic 1 tfhtpU- 
her, Fig. lay roukes jpis eomad; audible. \\ 
will be - noted that, the insulated ’parallels, 
a venial do as an accessor v, isolate the work 
electricajly ; from the .-machine table. 

Although holes longer than six. limes their 
diamrter can be ground, rher rapidly inenxk- 
ing spring of mandrels in proportion ro their 
Uicreascd length makes this 6:1 £0io the 
£{$&#&? •lipid > 

ikiftni? grinding the best results are mu 
>:ii«o;-d. both as to rate of stock removal and 
.(Ue of de*. mandrel, u a constant and umloni* 

• pressure i| .between the nhiiidrcl 

and" (la: work. 1 his cart IV* attained by keeping 
a “Jp;«d v of four dr hve- ‘dt'nths*’ f<?ed over 
cut. until ihe hole nears ske,. K^perienca- will 
ve.d.ie an operator to hold this ratio by if- 
s« t \ ine (hr rate at which (hr mandrel cuts 
and IjiyomlWiimt a ' u nde or iwo id? < a*, h 
recipncattur ^rmkc 

The foil owing ‘bricks of the trade” should 
prove helpful to smaihhole grinding 
). l.'fnformlv graded diamond powder. should h< 
u.srfl (iif ■'‘charging mandrels. Fh>le;> from, ruini- 
in diameter should lk r 


Amftjijff*; iHuh** t uniacl tot&teti rmvdt rl ami 


' 0 " k atuiihh; 


/••>. -. Ah "fftoftai! 6wv W;i: uj \>y, A awl’U.vry 
iouabni ht trifjfyf, 'jjfjfV— WU? p ^riihih ( ifo,y{ 

' 4 %}§ r Tvdi^f- A x&'kg&i: wandift C. if 

(f, >i'<\ fh^tthy htmlnn)* doa.n im high. ag tfc. 

tool A ym! II way am fo ad/Vs %{&**$- io . ' 


V Since a freshJy. charged ouudrel will cut iTiol; 
mow rapidly than a worn one. avoid injfCeltic- 
ing a trebly 
Fig. 

4- Od out perntit the uuebarged yhun/. <u‘ a vhandref 
n» {< Jiitact the surface be nay ground. Frictional 
lie^i will burn high (fie work and the mandrel; 
The former, parii$Uy ■annealed.- at point of such 
meuaev, will charge With the diamond dust and 
probably be ruined. 

5. ft k gefietkily more and efficient 

to consider mandrels as expendableand nidks 
a i;i<w (stir (dr each fob, Sinte thie cost is only 
4boitt 36 entity use pf an old one. or eveii tin 
y titniv spem j rying to ftiatdi une to the rcquirr- 
' ♦TTcnis, b harelip lusutied. 
tf Because mandrels cannot foe irued with % 
diamond, it is necessary to measure ixnh the 
tup iindi Ixitlorn of a Iniirwhile grindings in 
otder to aypid a ridge. 


ariMm to about s /u 
roughed and Crushed witt» gOTUU grh pmvdec 
l urgef hole^ rpayyli** ixiiighed sdaiewhat more 
.rapidiy wiih A Coafscr gtade, OO-Hl) gnt. 

Aydtd beUrnoulh bv prevenijug die nPiridre) 
from leio ing (hr hulr aj ? jtve-r end. 





JIG GRINDING HOLES 


■;■ .■ W'' : f •' ,; : L ,.. ., < . 

In view of point h, it is Vdyisalik ip $£l t{i6 
‘Work Up op parallels of sufficient height to cn- 


% m. 

GENERAL HOLE-GRINDING PRACTICES 

1. Lock the machine travel* securely future 
grinding. 


Vk/an eHCdlent precaution against setting errors, 
AV here the highest accuracy is required, allow 
dime for the workpiece to cool to room tempera¬ 
ture Wore f>rocmhn«; wtlh finish-grinding. 

3. Avoid grinding exces$ivek Jong (voles, if pos¬ 

sible; Qttfjf eCTirfKTatioO of the designer per- 
mils a portion of the to be relieved. 

4 . A .wood wheel, turned from maple and rolled 

in ft r>e lap pi ng eom|kuuhd, wifi produce a 
• * supejrfmislf J w i tliotit material! Y size. 

1 Avoid .ntemptiijg lo (trash a hole with a glazed 
wheel, even though within A tempting ‘'hernh*' 
of size. 

6. Demagnetize the work be I Ore setting Mj>. 


thin section, ‘A glazed wheel will cause local 
heating. distortion and locational error. 


trfomifti h)jch t'm&gh P> permit 
lirll ep lvp:oj h$<* , : b' 
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Xhe same combination. of wiit;' ^ effect; rhfe is 

n cipracatintr motions. together with precise' grinding. operation. 

^culhrear posivittdingr which.mabJ^ the jig , m '.. grindm^ 

Grinder to locate and si*e straight or tapered the contour shown \u F'i>e lb3introduces on*- 
holes :accurat'dy\ •• mrtk.es it sub: 3 hie ior con- additional Ro<p«hTU;*eiu 7 ^rrstrici'iprt of -hiaiti 
»our eriodine Other features specifically be- spindle rot: a firm to an >*rcv withm which ii 
signed W facilitate this xjpr rat ion also make tmisf oscillate. while swvRiing the limited mal< 
it a ' njoual'’ for contours. r**dU. I he connecting femaleradii.are ground 

Reference to construction details. Chapter as portions of a hole, usmg Kilt rotation of tie 

%, shows that the vertical, reciprocal ihg main -plmfleRThus. ihe'cuminmition of lull 

members are^ iocaled withiiVv and rotate to- and 'fimlfeci pfotictarv motion ui grinding. 
2 nbor with, the main spindle. Direct control wu;iv o rril^ar powduhine for airctit’,Rti?lS 

of main spindle rotation within any desimj locating each center from which a radius h 

arc is possible, a r< v sul>. by m^any qf thy generated, enables the. grinding of. arty .cbm 
handwheel* untm and gear assembly * fit?, tour composed of radii* male and/or female, 
I M, The sigivijieancc of bus control in con¬ 
tour grinding \Gil Re explained latex. 

Briefly reviewing tjie: ; pr34y^^^f Full plane¬ 
tary movement of employed 

in grinding a hole. Fi.gv 160 ^w>\y^‘ ; (hc relaxion- 
ship of 1 lie grind 1 jtfe spindly TObdion to the 
axis of tho main spind^ of the 

holt' is ir<iq^ro]|cd. : ;f>y incirco^itig This radius- of 
inOvetueiU of thy grinding' 4pindR about the 
axis of tKyvmiiih ypbtdkh of jbltfi&diftjb the 
Wviu’ciy Fjg.' J0t 4ihows the pc’flnfipk* applied 
to a portion of a hote 

In Fig. 562, a stud ot mak Cy IfndrRal 
iiRmUtX* has beer* shown w pluee qf a hole 
It is apparent thm substitRiRyh that .its 


AXIS 06 WHEEL SPINDLE 


PLANETARY PATH 
OF WHEEL SPINOIE 
AROUND MAIN 
SPINDLE AXIS- 
SLOW ROTATION 





HOMES, COHTOii** AHP SURfACfS 


PLANETARY PATH OF 
GRINDING SRINDLEs 


PATH 0P GRADING 
SplNOLE ROTATION 


/'■>; 7 -- IHntrehM ? 

r-cti >> ■ n \ni I mult jothu >. Mplj f ■ < !t 

ipiruitf rotation 1# ttn wr 


la!. M ■— A portion yj a Mr u ipvami m fht uimr 
rno»>h '. l<htah'-fi! »'f ^ any A, lumtr/l la nu 

on. \hauM on rihp*iirjti& Wi&jfSjjify fe 


of may !>t? iTUKk 1 irorii angular 

given wn (1 1 <* workpiece drawing or, in a |»jj 
duuku inihc one just described.,-from the eo- 


1,2 V'U" dimension in Fig. IT*7. the edge ; • 
ntoyjfcd «/f oy (mm die spindle a\is by ;< dio.nee 
td thr /.perilled radius as measurea by 
(lii- jcaii srr<-\v, Fig. J(iS, m (Ins uisr' I \?3oO'\ 
liit' indi'(:;i'tpr. is pnsuiynlr/1 u» rcgioer • against 
(I«if edge and Its dial set to /ere. Fig mV ; He 
.; ysUr»r to eing Um iualrrsjyindU*' :iv- 

high ppior while nieku.g duN ; Fiie ni¬ 

di ea tor now mpSH*?> /cto aea ; o.u e .point .•• v 
auly |;23(ftd” hum ili^ -spindle .<m<. 

V Ry |s^dio‘rr to* jvrtrig fbe pond v)j. 

f ;up*m in line with the -spindle avis :w*d 

tiring ihr indi* rimr point. into cuntaci. wi*.h (hr 


The soli 


Measurement 

prplvktTi it) this point is measurement of the 

ch contours,h^i!o; 
bp fienxf ttkrbsrIvys tetafc; ii^stf^nvenTjuiiaf 

jdovfs or goons Yet the dbcinioy of contour 
zjhHlWU, i?iiargrlv piedjeatud upon die ability 
tv> check >i/c roovonirntlv during grinding. 

find iri final i nspeclipri. Tujrl’ii'riii.ci?lye the ?$fd 
system Of The 


Muor<r Jig 


Grinder is idually suited to pee lorni; (.bis cither - 
Wise ddhcuh tusk.. With : ari imlipnor held in 
xh< Fi&yl#?; ttye 

kmt screw yari be diordy uvd inKecwuriug 
dimension ol a contour,, in da- bdlow inu 
uiannn 

1. Anv gr*;ili><I rdgf ><<*; <it to out li'-Avr.f o! th.r 
/tiucjbibA. Fan be 'Cg‘mir^i4 of i Ue 

[fi $ii 'jpindk by W >ii‘ i $?«•: C | 

pairr '(Si j{ rhe *votkj>!*-< ,- <(«•< • nee pYo^Wtr. a 
runvenirn* orlyr L.r diis tVu jtnsr, St \) »t sdn t 
kuttp lilock <»av be rndo ntw 1 smorwbei.e Xbg. 

•; Uhk‘. Fig, ITiG. ' " :• 'yysy v;- 

3 Tor riicusunn^; o fenijk: taidtus• ;,^.n7f»-..;4W die 


' . . 


HP /•* ? Ct'nriiv-; u iny,tof.o i/i> h- ax \this pUpch e o 
f hr Mitioit'i -x-bm-n m ih/ rhtff poyt'Jtfig 

*(Ju\hoi)ur<. 





5 




■Fig, Ifht — Thh aw/nw ran hr Jig Cumt.J U> dimfifei&iiwilnii .(txV* in apprvriwtifsh 2> hours 


surface to foe ikwiaiuitci, Mg "170. The dilTtfence 
between the indicator reading and zero shows 
the relationship of the radius a$ it exists, in 
comparison u> the nominal value to be fcsiab- 
iishrdv i.£., thus show ing how much 

stock remains to for. ground. 

4; The Ideation.-of a straight surface can be meas¬ 
ured in the same manner. 


$. Male radii arc measured by the same technique 
except that in dmr.ejr the edge is moved past 
the spindle axis* Pig- HI* by the drsircd distance. 
1 n this,way the makeshift ;md tirde^oosuio- 
iriguseofSpecial. it^T^Yrtiip.t’ion 

hole % and waiter nal pbttxts itud m? - 

ed in iayur of ihd 

use of the machine's dwn measuring system. 



SYMMETRICAL IN 
FOUR QUADRANTS 


Fjg.ftf?'— The. J:2$*r 'd’mtwhft rtfimentT& h0tai 
Pf contour maturity- fa. the interest of cfatzfy*. 
me coordinate i 'Mum vi 


Fig* I6S — The imlti 'ito'y though thmmtf-ii'wiify grind-: 
ing *firidle, Ts i tint* otl^i hy the .niain ipip/tp .. 


Ffg. .6} hdije been amiftyT 


i-SPtMDLE 


A ParalUL 


rkgy'Api'-??. • ipdiMiar' H agtritw rffy* fut wViV 

k . i >idm s .. 


setup bheti 
’ tj&j&fciti dkrMwino. 


Go g 





JIG GRINDING CONTOURS 


Fio> /6S;—• Wfilipn'- itf/nfeHita- tfftti dta'fa 


/•<>, I/O '— Mm wing iht: .!vatkpfafr wiiiA* . 

to si7x within' & v %nrh, f ' including profier 
draft, in 25 hours — afyayfu^ 
quin'd hy any oiftei weihad. Fig 175 dJusmnes 
the .involved in* this jol> 4 each portion 

to tigiires: from the thirteen 
'coordinate pasuions representing: points of 
e-cannon of the rc^prciivje radii. The thtir- 


cessivdy positioning the tabic according to the 
measuring system. 


t SPINDLE 


P)g« ill ~~r' The rsfwhrfytfgc Witt Te mweipa^ the 
^ptndfaaxp vi &Oke tcrtneafUHmali yntity 


rhcrrotorTit^tiOhof the tUa tQr-rotorlanuna - 
Hun elite f ig. I 1 !,, represents a prarural appii- 
raiion of contour finding and indicator 
measuring. The Entire contour am he ; ground. 


Fie* 10 Thfa rnylottr gf'ffc U(ilwrnjlei. Tmulajfnn 
dr si U ettrid^ /Tmiplt far dtuh l ration . lit fautaijf fig 
C*ruffling mrllwiti. 


(V .V - 




.y Original from 

(ITOfeRSlTY OF MIC BIG 







Fig. f?5' Siefrhy*\Up upefotmu. in gritiding Fir rout i,u»' hf th> rt\. - ; w. n :w fig. 7(v 


It m&y rcndOy be rccogiifeed that the 
matching surfaces of the mating.punch. Fie. 
\1% cm be conrbur ground to fhe same co 
layout by theWfofe' tndJ * 

(^ator /neagiiring permits accurate sizing for 
rcTjmrerf ctearan£e. 

Directness, accurac^ arid esse of ope^tor 
vi«x 3 i^ 2 it)tm of the preceding method may be 
contrasted with the method necessary m the 
ca$E m Jig Borers converted to grinding, or 
j%. Grindm of. related construction, In the 
g spineik rctfHip wilhin the 
mg immiU-r or qtiiJF 1 ft this mti&rximm there 
a ve no con vent erti means of conrrolhng the 

'limited: •■■'arc- of spmdffe unovcuM’m necessary 

kr contone ^indhtig; : ' 


on the roiar 


anti iht: vvwkpiece,; in 
turn, mounted on its uppenmmr slide. 


'iftjjjji f?i— r I mutate $f. Mnijiitm yii*trmte[tssutHJtOm 
the ribitiiy of (he jig Griptitf i<> Wn^f^i»dfnmik 
#4 red/ :'M pf pre^x (oaL 




JIG GRINDING CONTOURS 



Fig. 775 — Increments of feed control chop-ground 
surface finish. 


Feeding the wheel to control size must thus 
be related dimensionally and geometrically, 
not to the main spindle axis, but to the rotary 
table axis. This necessitates accurate align¬ 
ment of the slide controlling this movement 
with the travel of the compound, and rigidly 
locking it against angular shift. Significant 
shortcomings of this method of contour grind¬ 
ing include: 

1. The measuring system of the machine, with its 
accuracy, rigidity and range of rectilinear move¬ 
ment, does not control the locations of the con¬ 
tour. Instead, this responsibility is delegated to 
an auxiliary member, the rotary table-com¬ 
pound combination. This accessory cannot con¬ 
ceivably be equivalent in accuracy to the 
corresponding functions of the machine itself. 

2. Because of the number of requisite steps, all of 
which represent potential sources of dimensional 
errors, the cumulative sum can be appreciable: 

a) Picking up the center of table rotation in relation 
to spindle axis; 

b) Orienting the workpiece to the measuring system 
of the auxiliary compound , both geometrically and 
dimensionally; 

c) Picking up the workpiece in relation to the axis 
of both the spindle and rotary table; 

d) Aligning the wheel outfeed slide with the machine 
travel and locking against angular shift. Portions 
of contours to be ground with full planetary ro¬ 
tation require repetition of this step before revert¬ 
ing to arc grinding . 

3. In addition to the dimensional errors from the 


above sources, the indirectness, complexity and 
multiplicity of moves present a serious problem 
of operator visualization. 

In effect, this technique falls short of the 
fundamental aspects of true coordinate con¬ 
tour generation. Only a Jig Grinder capable of 
completing all contours while the workpiece 
is continuously integrated with the machine’s 
measuring system fulfills these requirements. 
Contour Stock Removal — In addition to the 
plunge and outfeed grinding technique de¬ 
scribed in relation to hole grinding, contour 
grinding benefits from the following methods 
of stock removal: 

1. Chop grinding , which may well be described as a 
vertical shaper movement, with the wheel as a 
tool. It enables rapid stock removal, finish being 
controlled by rate of traverse, Fig. 175. 

2. Wipe grinding , used for finer finish, is similar to 
surface grinding; there is no vertical movement, 
Fig. 176. 

Horizontal-Spindle Contour Grinding — En¬ 
closed contours presenting problems of straight 
surfaces and angles can best be ground with 
the horizontal-spindle “slot grinder” attach¬ 
ment, Fig. 177. This accessory can be sub¬ 
stituted for the vertical-spindle grinding head 
to grind sharp corners, an indispensable ad¬ 
dition to the capabilities of the machine. 



Fig. 176 — Face contour of wheel controls surface 
characteristics in wipe grinding. 
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1^0, permus any other desired angular -rela¬ 
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the main spmdJf through the arc limited by 
die udyjoi ra rtg straight- sarfo m» while the 
wheelis reciproeytied'vvi id ally. The nmght. 
: surfaces are ground U\ traversing them post 
.the. wheel by Qiavtjn*nc of the table; 


on tbfe way the surface 10 

be ground cart be aliened with /the travel lor 


}}%&£$ wuhctbr rviationship of 

iyorkpie^ to measuring mtvxn. 

HobsuntaMpindle Wh**l Dressing —Drt'ss- 


ish grinding; van he accqaiphshed [with sutTir 
i : look Fig. 

184. I-sms Fig.. 182 as - an example, .thediamoncJ 
point positioned just the edge of the 
radius, using- a pocket scale or equivalent as 
a straightedge Fig, 185. The wheel is swung 
back and forth past the diamond by move¬ 
ment of the niain spindle through an arc, 
gradually ouifeeding until the wheel is 
dressed, dean;... • 

Thus dressed, the. radius on Ijie wheel will 
somewhat smaller than that to be ground 
on the work. The'tesuiung finish v/Ul depend 
ad haw small m ihaemem of mdial feed is 


Fig. /■%[ ” /itTiifctnms of ini nkmig angutw 

id fit ion •>j ulnd in irarnl. 


Fig > / V? fyi CmfraJity nf tritsd in main fpiddle axis is 
titcssMty in grinding ibis typical fofh 
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Fig}. 7 $(*$■ ifc' ftitfn md, dfiight iurjaegs qf the 

blanking :;t*itim .of (M darnr-roior lamination die 
hie, miiff pjfk'i&fity g* 0 tld imib the- hmzwdl spindle 
dfhchniehf on Wjfig (.tytidsf:-} 
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/•/.if. /£.? (jthtoat &Ht'kitz ih« :a«W7. 


used.. sir*n^ ; in >dlectv a scTies of scalfgpft -of <’dg«’oi da: hsnnr r«m lie pirkrci up with the 
.slightly non^DnjorVmm; radius will br, priv , Fig bS'\. and the duuensh > 11 'from 

da. ad A radius may be dressed on she wheel ihis surface to the tip of die diamond h;ea>~ 

sihich edH exactly conform with that to be uroci \vdh a Kncrornete.i. Fig. 18*. Thu: ; the 

gmsmb bv mourning a diamond on the rna- lore non ofdie op can in: established >n it'la- 

| June mbit* in a known position in rdaiion hun to ihc spindle axis and coordinate svsum 

die measuring t.ysnan. f.g. !M<> shews *•> . Referring vK^m to Fig. 185, du: F^aO 7 ' 

eomenirnt method of mounting The back • radius can be dressed on tlx wh.v-J »>\ po$i~ 



m (> f i * A diamond mount?d fti tfu< / tmi*tn<ai 'e&&S< 
my %M die accurately. positioned. to dress ct radius of 
predelnminedsi^e.. ’ 


doning (lit ri y # spindle axis 1J8430 ■ from 
the JmtHyn fjbsldon of the dress¬ 

ing m in the |irer*dmg vase, Fig, 189, ' is is 
impbtF^dt fd drying my form on dite Wheel 
to ‘pd^t&m; k v^rticalUg so that its axis fe in 
line, with ilxr jjtertiond* A corn'enie^t means 
.of ;esiaBtfehi0g this is to 3W!d? the niath spindle 
so that the small hole in the side arm can be 
visually aligned with the dp, Fig. 190. Failure 


Fig, 1*4 — The necessary fact radiits is dressed on the 
u'kt-cL twig' a ytiarf>nd tool clamped or held in the 
correct location. 


Fig. 18.5 — Use o] straightedge to. determine diamond Fug. 757 --'First step in positioning diamond is pickup 
pirateuv preparatory to dressing fadlm on face of uPect of edge of Iwldts 
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Fig. 7®vr i ^ ftdaliotisflip of diamond point to edge of 
hold?* is eilfbUfhd by micrometer mea.suremnti. 


Fig . • .tM main spihdk nxis at iht proper 


point, fhi -■ wheel. is fed to Ihe latter to prothice the desired 
radiUs, . ~ v •“ ■ 


to frtabhJ'* this t elution ship u ill for/shorten any 
form >o rhewt't) 

Fiu. 19i,Mu>vcm$ an enlarged section of the 
la mi nation die, Fn>. 192, reveals another ap- 
piicaiion <ul the same dressing; technique, with 
I yeffaf^pmeA! Of parallel sides 

UUWO’ u> die Midi Us as a means of establish- 
intr Mot tvidUv. h\ this ease, the wheel should 
he cetandi/ed, Fur *93, by means of the ad- 
.! •"lOI€T'«;iFs&179., 

After dressing the radius to’ 90° either #(if 
df centers a,< ott t%> 

. 194. the table tari ving thF Mi'0n'f>nd ‘h:- ,.ti;5\v-- 

ersed, as shown m Fig 195, H* dress the *idk*s 

"if; df the whe/:l tangent 


Figs i r X)~~- Vtsisai. vertical, alignment of wheel, spindly 
axis mih dumiorid point is diffidently accurate to ptkurnt 
foridiinUmng bf jopn. 


1.7042' R. 


Fig. Ft I —. Eatery ni ucw ef serrated dir, vo/m/ 
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Fig.. 192 — CompkU serrated die for lamination stamping. 


quence is repeated until the Wheel is dressed 
clean and to the requisite width. 

Angles may also by dressed by a diamond 
mounted 
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Fig. 197 — Relation of feed and traverse in angle Fig. 799 — Feeding to same setting on both flanks oj 
dressing. angle centralizes vertex. 



Fig. 198 — Relation oj angle vertex to spindle axis. 


Fig. 200 — First step in centralizing wheel requires 
measurement oj offset. 



angle is set by graduations on the ring, Fig. 

196, and dressing accomplished by traversing 
the table and diamond past the wheel flank 
while feeding with the other lead screw, Fig. 

197. The second flank is similarly dressed. 
The vertex of the angle thus produced can be 
centralized in relation to outfeed travel and 
the main spindle, Fig. 198, by feeding to the 
same lead screw dial graduation on both 


flanks of the angle, Fig. 199, during dressing. 

For slot grinding,itisfrequentlynecessary to 
dress a wheel to a required width and central. 
This is accomplished by the following steps: 

1. Assume that the undressed wheel is off-center, 
and when rotated through 180° shows an offset 
of .090*, Fig. 200, measured by moving the 
table until the diamond does touch. 

2. Move the diamond and table to the mean posi- 
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TABLE AND CLAMPED DIAMOND REPOSITIONED BY .045 


WHEEL ADJUSTED 
TO TOUCH 


- r- Whs?! ?v appuixuiiiifyly TMtalt;*d fry <s>frert mi Cff mtnhtrr&.affMt, 


20l v afid the wheel Ly means 

ob iite ad|ii«trneni r Fig. I??-, so that brushing 
contact i% madelieiweeii die wheel and 
diamond, Fig. 202. 'Rotated 180 s * the wheel 
should now' exhibit the- same brushing compel 
with the diamond on the opposite flank. 

3 Di ta^ the sides by ha versing the table and 
diamond while tending, as diown tn Fig 195, 
’until t hr wheel ts clean or, if neccssaiv, Until 
the desired width is attained;- 
This att^ehmrn 1 permits grinding a wide 
v-wieu ia fonvuy including splines, gear tooth, 
keyyvavs unci Virtually any portion Of aeon- 


hnhhity.i otitfid ut/fr %it* yfinwtfyn lK f }' (tjmn 


spiodfe grinding head. 

Draft In X&totours «~ T)y31x ip contours com- 
po«ed oi cadil-iis grnmd in the same way that, 
would (je acc^hvptis}ic*d in a hole. Jntersec- 
tioas of straight turfaan, however* introduce 
a new problerrK Fig* 20^3 ,¥ #ij£hL angle 

corner with / ^ 3 dealt xto-'M&YM: the int^r- 
secttntf straight ?uiTaix% 0rih^mg" imo the 
corner with the same taper setting &ould Jail 
to produce a blend, put corrocVtoo btf^hc angle 


fig. 20.Y — Dryp, vtiwurtef iv afllapf fr^fdivg a uArty* 
onghrh thj uwnrys nor tool lAlhtudt tilt fnev 
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£>1/2 CORNER ANGLE 


X-Y COSEC. C EXAMPLE: CORNER ANGLE- 90' 


V* TAPER OF SIDE, IN THOUSANDTHS 


C - 45 e X-IAI42Y 


X-TAPER IN BISECTING PLANE, IN THOUSANDTHS 


B*-8 COSEC C (APPROX.) 


EXAMPLE; FROM ABOVE, WITH 


B-TAPER ANGLE IN PUNE NORMAL TO SIDE 


B'-TAPER ANGLE IN PUNE BISECTING CORNER 




ANGLE 


Fig. 2f f J — Fmnula fqr arriving atf'nti draft .Zugl* in; bfaidii-xth gt&nt ndr artgU 


of taper, as determined by application of the 
formula ]n Fig. 204, wil} remedy this si tpabop, 
Production Jig Grinding — Although 
ti^Uy A toolroom machine, tin* Jig Grinder 
inmany instance* provide an 
bon to the difficult problem of accurate!v 
sizing ind locating hoics,, studs and contours 
in hardened production parts. 


LJ.se ol an adjustably mounted diamond to 
automatically dress the wheel/as i means Of 
*i/e control, is a principle which can be :\we- 
eessiully applied to a widely varied range/of 
Repetitive work Typical 0 f diis u^e of the 
machine i$ the high-production operation on 
an aircraft gear, Tig;, 20 $ A ^inyidving 4 

Grinder^, * 
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Fig. 205 — Gtmlrng nit craft, wgin* gear.y; with indexing fixture wd miloraatk^U-ht^-'s/^g: 


less than a ’•‘xe^b^ K4eratK** of 

±,0001". and a 2X* ri)knro r inc?? finish Total 
grinding time fat four studs' on each piece \v,.>s 
• 2 *itim}tC5 , . ,j. ittgodk^nt improvement over 
^iiy ^iT^maiiviy Tn^thod, vet prody^tii^. pf 
bi^hcr ^ctrur^cy and beticr fmfoh. 


principles is the best po&ibie giiitfe to the 
adaptability of the Jig Grinder to produc- 

Sj^pn '-f ffly/f-f;': j.' y • r y 


F»g, 2 /jff\ l '#urual hut' gradual pioductinn Jig 

Onrididk. da/*. 

The bkatiorn dianiekr and surface HhtSfr 
i eyuirenieixs of the four . Muds bn the part 
ahovvn *m' Jug 2dh pre^ortt a rC£ill\ serious 
jyrobiett* of production feehniqiife Set Up (dr 
Jig Grindingi Fig. 207* each of the kmi 

ntuds was ground in a single /plunge r un ro- 
moving .OlOT of stock. A $ubseqtind, single 
Onisbing col, removing .OOOS* Iron* each 
•stud, resulted in locational accuracy within 
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Fig, 'II — Previously dtsmb&F Uns punch is dtnufiiit, as a "'limited contour' strict • the flange pt emits 
lift far grlading pj ih form., . • • V/d Cy-C'C; 

I, Reference to Fig, 208 shows that vyhilr the dressing of wheel,, because no v» 

ouU’ecdmg »*f j wher! h mcchanLealiy poshiv</.;,• cal movement to eliminate fcpuKlucnor 
infWdiiV^d^pcnd« ciw>v t por^iirc to lOOift! >a hcci irutcc»n dt*s on the work 

die le ts good practice*. there lore, u.» tap >.$ Attempts to renww.e more than fthouf (».< 

iK»r gtiidine hrad 5)r,using with iln- hand each a ; . U)( . k p „. by vipt . ^nding > ah 
liinr the Iec<i dialJ> moved i.Hirirtg tnh'vding lo certain n> burn the work. 
prtrlLdL ,ticking fig. (>. Fig. 210shows lit* ,(W of an jndit'atoi as a n 

2 ‘ r {* T - A *?• ° UHwd f** * hgm *“*«** rcfchk mnans of M il® 

w.th the ■0“ and l«,r maduauons on the angle M c „d Uuu. v. s ,,ai otspe.-tmo . 

Htilmg ring, ftjL'i 135. permuting alignment 

with cross slide travel. While. vjQdc^d;• emmm^ 

3. Chop grinding is usually preferred for iinishirig * or ? * K I 1 ^ Crriodu, lmmed fonm sac* 
some die contours, particularly mould and that shown in Pia. sl\ can best be dorr| 

extrusion dies, since the grinding lines are m this machine* jfrardv linear opes requir 

the defined, direction. different rn#ettimng. method.' Fhis^ttbien- 

4 Wipe grinding - requires accurately cylindrical be discussed in the following chapter. 
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LINEAR FORM GRINDING PRINCIPLES AND APPLICATIONS 


IVfaDERN requirements. at tool 


accuracy as dons or contours,, howeyfer; are often merely 
the basis of production life and product qual- stoned or polished after hardening. This dis- 
itjj necessitate uw e complete grinding of crimination h not because such contours arc 
tools, mm U particularly true in the ca-;*: of . functionally less importnrit, but because ihcy 
die work/iffem Tli0yr^^A^j^;’of ptfEcfc* .. fkdftui Wh xcxbm grtnding prof#tn^ 
stripper, shedder csrdjUlly lit the ot irtck&Xl ifr tours 

established io ' msureyhi^ and discussed m the preceding* chapter, the solic- 

prddiict &ccurae$v .' • ;i.k>h the contour grinding capabUiti^ of' 

Tht? simpler portions of such thejtg Oripder. In the case of linear or open 

variaW^ gritand, hedsfusc .it is obviously £asy Jorins, life Requirements dictate a "different 
as vwvU as desirable to do so. Irregular pbz~ approach in search of a satisfactory solution' 


Fig. 712 — A typical group of linear form-ground park 
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b'i$: 211 - Hu fa tvwu si y de icnked lUl+gtaund. xtalor-n*tvr l am malum du acetjUUtiUrig ifa station 
iiuUimm-c Itrttpr farm-” mut'd part*. 

-ar foi ms. typified t*\ thf: hetfrogentsaus provided in case of bryakant-. This service, oftitft 
ricnt shown in Fie. 212, ran lx* ground made necessary by a misled or other accident, 

anew of iiiotfuxis, with widely vary ins | very valuable to the user of the tool 

s of efficiency and accuracy. Gripdta* 1 A * 10 H '$& M cndo8rd M! Sp I 
near Jot mis is «bvi„„sJv decide and WM '''J™* u ] 

i,,!,, ,,, v,W Of *0 Ml W to, Surfi ,„ are iinplwi , „ii 

ll ° jS vidvamage. ran br derived from the qualify and 

Noth m #:bc ior*hm\k«r jHovrd properties ot the steel exposed by 

begained from grinding because of the soften dcarburized 
■changeability. i ins is especially tnir in surlaer resulting from hardening, 
n.n types, of l.unmation dies, Jug. 2 H, where r<wpieiul\\ design and mare rial selection are 

irate form gnedine makes all punches and compromised to the rhinm«*m of strength and 

lie H-cuons in *»rK- station identic ai. This performance. Such a course results from the 

,r< £> '^emblv hm»- by eliminating the need natural reluctance tu la.ck.lt* lor.cn grinding with' 

mmm% and fitting iudividua! put. <uff?deht familiarity with l^cdVe methods 

Wh’ spite of iduse yfetanoe- hetw^ri :ancl. etpjipmeiu, Carbide^.iud- hVif.jp;.the v? hard- 

.n <od die. n^grind** sieeis are oh.cn avoided, even though 

rptuily impoFicinf is a^u^Tirx fhat dup)T they might bean idesf.1 material choice* because 
i r«*f>lacen)enr part?, made to the ‘arnc they represent th*’ nhmiair in problems of 

’and; ttentfVe in4<M*chahgeab’te ran be linear form grinding: 
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LINEAR FORM GRINDING PRINCIPLES AND APPLICATIONS 



Fig. 214 — Forms are generated by relative movement 
between wheel and work. 


4. In a number of instances, lack of “know-how” 
and attempts to grind linear forms on unsuit¬ 
able or makeshift equipment have fostered false 
impressions as to the cost of this operation. As 
a matter of fact, the benefits from this practice 
amply justify the cost in all except the cheapest 
tools. Supporting this is the fact that efficient 
linear form-grinding equipment is so versatile 
that it generally can be kept in constant use 
even when not directly employed in form 
grinding. The cost of partially ground tools is 
sometimes used as proof of the greater cost of 
an all-ground tool. This may, in certain cases, 
be a valid comparison; but far more frequently 
the difference in cost is justified by increased 
quality, accuracy and service life. 

Increasingly keen competition is making the best 
tool the best investment. Only efficient contour and 
form-grinding facilities can produce the best tool 
at the lowest cost . 

In recognition of this fact, when confronted 
with problems of linear form grinding in its own 
contract toolroom, Moore undertook a sur¬ 
vey and appraisal of available equipment and 
methods. The basic requirements included: 

1. Versatility, to cope with the wide variety of 
typical jobs on a “one-at-a-time” or quantity 
basis. 

2. Locational and dimensional accuracy com¬ 
patible with contour Jig Grinding. 


A grinding wheel produces forms by one of 
two methods, generation or duplication. 
Generation involves relative movement be¬ 
tween wheel and work, Fig. 214. The shape 
of the wheel is unimportant, except that it 
will permit contact with the full surface of 
the form. The duplication method necessi¬ 
tates dressing a form on the wheel which will 
grind the required form in the work, Fig. 215. 

As both methods have certain advantages 
for various types of work, a number of linear 
form-grinding devices have been developed 
around each system. Since a linear form is, in 
effect, an exposed surface, it is understand¬ 
able that these developments should be closely 
related to the surface grinder, at least to the 
extent of the necessary relative movement 
between wheel and work. 

Generation of Form — It is possible to gener¬ 
ate a form on a conventional surface grinder, 
working to a scribed layout on the workpiece 
itself. In addition to the difficulty in making 
a sufficiently accurate layout, this method re¬ 
quires close manual coordination of cross and 
down feed while grinding. A means for an 
operator to observe a greatly magnified layout 
so that he could “see a tenth,” while manip- 



Fig. 215 — Matched form grinding requires dressing 
wheel to a shape that will produce the desired form on 
the work. 
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Fa*. 216 — Fonn. irtivstwdjrm .» rnxhcr roll to vri rating .riuri M si on \ mu/ml rotafuirt m<Ur. wtilmi tnriarr 

optical system*, generated the form erfonTf ;Jif 
ruQvciTiVrit of tiie wheH. v . Wd 1 

3. A. third variation diUcrjf in the-type .of A^ai 
guidr pr^t^it^w ; ;^binra^ted .with theThfomu- 
irj>/ layout ;irvd image of the work, ‘iifa i 
pi;dvidc5 the ojpecator with a jraftgejf 
. .TidesT«i the, pp$c&i field (if a ihi.cr^cvt}>f as - '.^ 
gidde: this Iptffopscope is focaufo by a panto¬ 
graph»IVoni art efdarged layout of the desired 
farm, arid » su< ccj»« ivdy rr-p6sitioiJ(ki as neces¬ 
sary by aligning the stylus, or trarcK with the 
line h\ tire layout. The cpnrounng inuYttincut 
»)f thr Wheel 1 * ma nytally operated and the field 
of vision-'through;.die microscope is restricted 
tu a small area, grinding and movement of the 
t^rgetVscope; dterefpre, must lie accPmpiished 
by >& series olnucreihorital steps. 

All ihrec have a number of commoa 
characterises: 

Accuracy is dependent upon visual perception 


plating th^ etjmrok, wjuki^ y^ly hppt'Ove 
the ao€uracv of this method 

Three variations ot ibis principle- ol visual 
guKfoioee Mr reptraenifod In the, following 
former' * . . , - , 

1. A magmlywe ?<pjuoit prttjccter is incorporated 
wnh \i st^.nd/orl sorfa.Cc grinder. The optical 
system & j!^upjedj^rc';ibe .madrine table so 
that, while the Work, is '.constantly in focus T the; 
wheelis only• • ititerinutrri tly so, as the t-abfo 
ret:ipriHrat»ys The ground surface is projected oil 
it smen, w hich also carries a large-scale layout 
of. 1'he desired forrn. In riperatfou, the work is 
ground until its forth coriforias to t hat of the. 
layout on tffo Screen.Alhfopie piece loads ma’- 
be- ground '^mahadfeotiisly. mounted end to 
end on the chuck. VYhen not used lot forms, 
such ccrmvrUctibn permifo its use as ajn ordfoofoy 
grinder. 

2. A simitar typo,/employing vihuaily the same 






and coordination of manually controlled qln 
touring movement while griming. Tins iv- 
quires a iiigh dcgictr of fyperqtof skill 


• - v V > v, -v • *.. • •• .. - a \.u.-9uikn 

3- ifeps, thus making' > 

ptrrIVcf b!i ndihg ditto J f l^prhatAcr * 

4. Difficulty in deternumng the incidence of p rlighir priiducim 

grtrtiifcl' suffice image &M : vx^iuiil*;%xucfe-,irrriLU.- ^ t ttcl ^ om 

accuracy across the, form. 

5. Flexibility -of «irt«p an«i- nkA^m^t makes po*~ Diomomf vs. Crus 

' sibfe^mdibf^ (mm*. iorfn dr 

6. Repetition of a^vup^yt> is difficult without <* ' matched ibnn iprin< 

tempbtr or iis, m ^ aiidjt* the form wit 

new job. crushing the wheel 

Generation p£ form from a physicalguidc r actfonvic t&i&i 

such as .fi rernplate/mxiead of a visual Mtd<% T hc*tu.\ the prmcipf 
provides a .niorc. .positive system; By tracing enough to warrant 
the ^fbj^ with a A fc 

stylus, a p^mbgcaph linkage moves the wheel be 
lo . -ISgi^iEi' in reduced scale one *& 

f *ri the work, into pi 

. Fea tttfes ,pf't$£ -ptineiphh epptrasied 'wtii^r-.-prc^ui 
the visual; guide; syftein* include; terfei r 

1. Greater assurance of repetition of -accuracy* 

andfc& f§j§|||| 

2r The wheel r&«$£ conform to the shape of the |ffl§|| 
stylus, with the same dimensional ratio as that 
.•of its pantograph Jtnkagekadtsad^titageWbeh 
grinding Carbide with diamortit wteeta 

3. Limited reciprocating stroke precludes mafttpfe | 

piece grinding. 

4. - A. template Is basically ^cte • rate-- : ih44•*»’ 7 ^ 

layout and provide 4i\ uh^iaipgil>g ytcord^ v ,.|p5 7 
which cab be *e>used at a infer tfa*e‘&r*dkljp^-v v Sjj$$)r, 

■ j rat Inn of para. / - - f ” . , 

Matched F&rm Oplndit?8 ^ Although Ail . 
methods of [meat* farm grinding involve .a l|| ‘ ; r 
process of federation ait some stdge of the ft^v. 
operation,- the matched formed method differs .V. 

greatly from the process of direct i^nef^tiori , §|ff7: 
previously discussed. 3 ; 

In matched form grinding, the wheel is # 
dressed to a shape whidi will produee did de- sf|.v* v -; 
rinfcd form, on the work, 'Ing, 215. In effect, it #tiwj 
functions as a form took contrasted with the 
similarity of a smglcvpoint tool to a wheel 
gbj^ktiqg 4 coritour, "rhi^ var^lbg^- cap be, |||S8 
substantiated by pointing out that the same 
reasons governing the choice of a form tool in&Wi. 


W*M!> ii'h*d'#nd'-tiHiw match cash (Aha:. 
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CO NT OURS AMD 5 UOACes 


H OI IS 


conforms lo the coriiour on the or 


between the template crusher. j.-oB, wheel and 
work. A variation of this fechnhjue employs 


•WHEEL 


A linear form orr thedj^r can he h^tish^Ted to 
the wheel of a surface grinder by mounting 
it on the chuck, parallel to the table travel. 
With the spindle motor 00. and the table 
reciprocating, the wheel is slowly fed down to 
crush the form in the same w ay as with a roll. 

0ach method it^ merit*, which to a 
great extent zmn^pximt each other.> The 
more significant of the^V include: 

I< Dia mo nd>drc,wi r «g prf duees hjghesf accuracy 
and EdeUt^^e^iitoWrv'pacttoiiariy in intricate 
for*n?5r Cfu$h-dressfif^ sharper internal 

corners. Fig. 23*'. 


SHARP 


free fmish. Crashed wheels grind more rapidly 

and 4tay cooler, The»e results are due - to tbi- 
^heftthig of abrasive grains by the diamond, so 
that they present a dullv flat*, frpr-.to• the. -w$rk.• 

: f.A crusher, %• conira^tv feiyes iite gwns fctg-- 
fjfentcd and -sharp, but. do^ftgt; •'produce': so 
gedmetricaliy auc*irate a svtrfrtef Fig, M9. 

3, Ftcsiifoid bonded wheels vsre ipo; resilient to 

crush* and some vii rifted vv);eeb are so brittle- a d tan iond-dressed wheel, these met hods offer 
that they shatter under crushing, pressure. advantages beyond the capabilities of either 

Used in cwn hi tuition, rough-grinding with used alone 


$%< Tr^Bjhc, iidvmik^:: *j £tu$tHih*ring t>; the. 
uh'nity /to 0&ml pn ike j$#|. 


Wmmm 

mMr% 


Jfww 


/’ig. 20" it'.kth, «/■ ,v7;<V(' v.v .utii Iji aimfs'l, of a sp 

of i/uirfi potri .. .’In' f ultoir of ,/ of ■; . > •, .< fi.s )4att.n)>. 
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LINEAR FORM GRINDING PRINCIPLES AND APPLICATIONS 


‘The greats dl^ady^rftagein these drrssp.rs 
i* Che complete tin operator rare 

and ^kiU id making eaylv ; 

Hie/element of 'risk error, 

moreover* i% r coproduced each m»e the 
wheel urnsr he repressed'. An additional risk, 
cbmmpn tti enters 

;as: gerieraliy 


the pictttre when it 


w necessary 
cy the ease, to .remove the work load i n order 
XOrfitr^ OK rCKircs:s the wheel. Were the prob¬ 
lem is to Orient die dresser to the existing 
comvMjy on the wb^Il. aati t&Vgr, to rt^rient 
the workpiece with rkvcettiouj' on tin: wheel- 
The ixse of & ternplatc ah as a guide 

far a®-j;Jus whfch^ih;tdm, mvvm the diaiuond 
todress the wheels rdini^ixes gteaU^ thcefecu 
of the huitjfian dfimmt in rhiv operation,- 
One device ih nvdVrhs the*, 

diamond in a t;l rada & Khpwn ut Rg. 2S1- 
in me : the stylus is lit si matched u> the 
diarhpnd by ffev tool bp i£$: ,i$*ck ? T?ijg. 

2£2£2T3he diamond is slowly fed ijdri^i WTlwl 
by mwemem of the grinder tabic undi d. 

: dressed a grocA y e ekvjCtly ednfahning to* 
its dvvfv j>rofile f The stylus is then fed through 
tfete vyhS^iapd chus groim.d to : ihfy 


Fig. ^ Wi4im laTigfrii dtosfr li tapahU 

of dressing simple forms on a ufttd._ fi pfavidh two ids 
iff rteiilinear nwvmnt ttifh a ml alive motion possible 
■ fahvetn Ihm. 


chorda) to The radius produced. Fig . 220. 

The angular limns of 

relbtiohship oi straight. lines to the y p y ' " 

•are. all cmuroUeb by the operator with \Hv -bjggnH 
aid of.gradM<)ti<m:s size 1 dr>cks ur adjustable : :fj§5&Bj 
stops* ■■ ** •**•• • - - - ''*■** v /' v • ■ t \ ’’ '‘ v 

In operation* this deviee is set on the chuck 
of the machine uuh the center lin.- O die '- : :|HJp|| 
wheel spindle in hne wit It thg diamond, I he .? 
rnoveys fiere^stuy to complete the form are 
succesWeely'pe'rfdruied tty the operator. Low 
first cost is the outstandihg magi'. It is 
possible ip produce con to. ns of i onsidecable 
complexity'with tbrmore^ 4 

'having'.multiple.and rotary 
movements. The simpler types are usually UppflW 
limited to relatively simple comours, .y/ - 


r$i$y Usee 






Fig. 222 — This irtapaMe of matching its ou n diamond mdTel dylus. 

By locating the tern plate on ifre chuck and tncth<xk '.device rfevealed that none in- 
following its Contour with cotpoi ated dll of tfo Featured necessary to 

ing. wheel shape is produced.! ■ability efjtial, in linear, forms, *he accuracy and 

to match- Its own stylus to the ,. etfkiniey of the jig Grinder in grinding en- 

une-tewoe ratio has another advantage: ft is Hosed contours. 

pdj&lble to reproduce an existing workpiece Diamond and Crtrsh Drolling Combined — 
<*r sanxpk by using if as a first template froth in order to fulfil}, this requiiesnem, me Moor r 
which the wheel i$ dressed Co grind a second Banm-Orush Wheel , 'Fig, %£$+ was' 

template. Fhe form orr the second piece will developed. Designed a pevruanerir attach- 
la: the reverse, so it can become a template went to the spindle housing of a surface 
for ^rihdfng a dupUciie of die origifial, t^rinder, this deduce fottt>dres^s the wheel 

This type of drmr.r has the virtues of low from a templam* through a? 10:1 pantograph 
east, a degreec of* flexibility and convenience, linkage. As (he Panto-Crush name implies, h 
rHa Lively little dependence on-operator skill, provides an alternative m&hMlrmmg^mmnk- 
plus reasonable accnt acy of rcpciit ion. How- and I he imereha ngeablg use of either met-hod - 
eyHvAo Addition to a limitation of .1 n $perM<dSt»; ... template form is trans- 

due to its :e> / >u>one ratio, it shares dis&d- fermi to the wheel, by diamond-dressh;ce 
common to all chuck-Triounted through the. pm?tograph. This Form, in turn, 
('quiproem, b.•ground u.o the cfreumference of the motor - 

' Ait-^a^knration of the basic Concept pro- driven tru$hfH^o1J^-ir is led into the wheel, 
tides a igpportmg bracket for dhe .drcssefi - &gA224. .Tl)g..a\^rige, forrry can thus be ac> 
Tins improvciTicm permits freedom of move* curate! y produced oti a blank crusher roll in* 
ment firing dressing andthfe fifteen V •. , # A- ^ ^ V p ^ 

cfrar v expepi when the stylus is betfig matched Advantages offV^ed hy this combination of 
to the' dutmoml. crush-forming ao<f diamond-dressing in a 

This appraisal of various form-grinding single unit include? 








aic*y iw» » 


combines diamond find crush dressing pom a template. 

combined with the highest accuracy and finish 
produced bv the diamond-dressed wheel used 
fcfi die finishing grind. 

Diamond-charged wheels can be. epMoured 
easily to grind- linear’-forms- in tfczbtite;* \ 

In addition to the conventional parito- 
^raph rncn^tnent;, the diazriond arid itjrlds 
fire, linked together for mutual angular rota¬ 
tion. This makes possi We the dressing of other¬ 
wise inaccessible portions of a form by ehang- 
|ag the rdauve angle \M dhuuphd wheel 
surlaa^fig. Tfizctm^of a raduis* as the 

strongest s&ape ife dritTipod $tfd stylus', per¬ 
mits wear to b&: 'd^ihuted by this 

same angular rotation. Fig: 22(k 

The inherent soundness of concept and 


1. Either' method »s immediately available lor any 
given jnb 

2. Si ■ ces&i ty re-d rem ng of the xvbeei becomes a 
simple, repehtiytoperation with cither method, 

3 Imgnsiar contours may be generated in a cohr 
tim.tcJijs pass of the d^atnUod: ^ imftossifole With 
theracttuViang^it lypr 

4 . Maximum economy »t\A won iui? achieved: 
,• . r v 


in making and iisixtg'Cmihhr- 
5. Switching from otte/.mcihdti• • other, at 

any of ^ythcliiig, in np way alters the 

loa?doPai jreiationshjp of the fctfri* on template* 

wheel* crusher roll or workpiece, 
if. .Hawing ‘or loWiermg the wheel spindle does nor 
alter this relationship, f7 . ■ 

7 Full H.dvantage of the cooler, latf/giiwlmg 
atihri of it <ruvh<irex3cd wheel for rtiughhigy? 











HOLES 


CONTOURS A. NO SUR FACES 


design of this device is' attested to by it? ac¬ 
ceptance in hundreds of mstn.H<Uion& One 
conclusion, however- b inescapable: in Vic 
l ati- of any drilling det-u t aridi hrd to a an /’.;«:••• 
grinder, a cerfaiv p^rin^sif !h$ USpmyibiH^jdt., 
aanrui} fjf: Ike product rcslx mth ihe grind??: list!I 
lay:in "the-;^^velopni^t.; 
«4 o complete form-grinding inathme, in¬ 
corporating Uio ii^iurc^ of the Panto-Crush 


advantage of the mediod’s wheel-dressing 
accuracy The result of this com bin attan b 
the Moore PortU C^t^r^ Fig. & 37 ; 

Geometric .accuracy: of this machine b in¬ 
sured by ihe sapie general nicans-^ outfitted 
tn Chapter 4, lb Unc;H accuracy* incorpo¬ 
rated tn the cross feed screwy is eomparabJe to 
that of jifejfii* BxjrCi , m order to position forms 
precisely or relate port pans of forms. Pig, 226, 
Gen era! considerations incorporated in the 
design include; 


— The fivnngr Join (an jfe gmuvd into a 
hut<knid iTttJihrr rod' blank an nhtin/ XSmmigny ^o 


WHEEL 


DIAMOND 


template 


STYLUS 


7 Ui'tg'i-fa tfitmmjjg sphtil id m mgir ,*>/ yptltippfyrM 













MATRIX METAL 


DIAMOND TOOL SHANK 


RADIUS NOSE DIAMOND 


/Vi*, Z2b~- A'■< nr Airly ritdin&d riuvmwd cvwMte*: 

i ► Acx-nmey of alignment of tods and.travels.-_ 

2: AmTfrictkm spindly fur accuracy arid rigidity, 
j. A noaririftuefjdftg cl am pi n% means, to Jpefetnp 
the cross travel du^in^ jpfm grinding 
4 Elimination ot : axtal. spVnctly movement as .*c 
result oi temperaoire variation-; 

The prototype pam<^ aph link^e re*-: 
designed to increase.range* accuracy and tort- 
veniencx\ without sacrifice of any ofthc 
original 'le&tu&gs, The ct: usher r^Hf-upport \vm 
stiffened by rimuntii>g it oh the table of. the 
machine. 

.These-give the Forvn (Grinder the 
following advantages: 

1. Movr/mriii of the stylus iiv tearing template 

Anasik repi^ttod, ha a reduced movement ol 
the diamond in a ranopf tO:! , ri-Motors.a high 
degree of acc uracy in dreeing I row a Template 
wliir.lt itself need jtq{ he piecise. An error of 
A>t»l r * eat' the tnii|.iLi(* h ledtlmt to .0001* on 
thr w^rkc 5 >y* : . : * >v • - 

2. \VKbtfae lDiTra^ti rcdSdvely Wide I'g&bix can be 
dressed without necei«itating inconveniently' 
large template* 

•. k Operator skill require meni is held to a mini' 


Fig-. -227 — ihc /Jtming and grinding timents of Jftr 
Moore Font* Grinder towfdemad each nlher * 

6. ft ts ripuilly suited ta il uae-aira.-time ,t or pro¬ 
duction grinding of either linear toms or Hal 

■■' * ,. * • , ‘ . ' , ; ti * 

5 t : yMbp iiipkp and •fefeti rates permit normal 
it &vram grinding m pffthge form gfhtding, 

8L The graitikig and ringing portions of the 
machine are deigned to each other- / , 
‘This comparison'ofalferh.afive, linear idrtn- 
grinding- tncthcNi^ together \yuh/ a . baek- 

grtitmd ot the prinaplds invdiy6a:-s}toH4 

vide a firm h >und a lion for disci tssing in hie. 
following chapters the practices found to 
produce maximum accuracy- and efficiency. 


WORKPIECE HAVING 
REPETITIVE FORM 

accurately SPACED 


SPINDLE 


MAGNETIC 

CHUCK 


TfUim,: 


4. Thanks to a pmnHuerit master* thetemplate^ 
exact duplicates can be made at any future time. 

5. Dressing forms ^lightly larger or smaller than 
1 fh template $izr need* cmhv a rim pie adjust¬ 
ment of the diamond. A't\v.o**s,t^ge roughing and 
fmhhihg operation; or a dtetkto ;*nd punch; or 


•% •; 223 — An ftO'utole rmrr fad s&%w h i.mpwimt in 
vr //fnrwjy : d h dv>ki. forme 
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CHAPTER 



LINEAR FORM 


GRINDING PRACTICES 


A wide variety of workpieces can be ground 
on the linear Form Grinding machine. Not 
only must purely linear forms be considered, 
but circular forms, indexed forms and a 
variety of minor variations, each of which 
requires its own special “know-how.” 

The following outline of recommended 
operating practices does not represent the 
only way to do the job; it represents a sum¬ 
mary of practices found most satisfactory in 
Moore’s and other leading toolrooms. 

Setting up the Workpiece — Linear forms 
must be ground on such a wide variety of 
workpiece shapes that a certain amount of 
improvisation enters into most setup opera¬ 
tions. This generally involves little more than 
a special set-edge or simple holding block, 
although for more exacting requirements and 
complicated shapes a fairly elaborate fixture 
may be necessary. The most universally con¬ 
venient setup device for the general run of 
linear forms is the inclinable magnetic chuck, 
Fig. 229, which can be accurately set to the 
required angle by means of size blocks by the 
sine bar principle. 

Forms may be ground at angular divisions 
of the circle from the index plate of the Moore 
Motorized Centers, Fig. 230. This accessory is 
also convenient for cylindrical form and taper 
grinding, as well as for a variety of otherwise 
difficult grinding jobs, Fig. 231. Higher angu¬ 
lar indexing accuracy and greater capacity 
are available in the index fixture, Fig. 232, 


developed especially to meet linear form¬ 
grinding requirements. 

Dimensional Pickup of Workpiece — As de¬ 
scribed in Chapter 11, the locational re¬ 
lationship of form on template, wheel and 
work is constant. Therefore, cross movement 
of the machine table is used to bring the form 
on the wheel into proper relation to the set- 
edge or locator against which the reference 
point of the work registers, after which it is 
clamped. This pickup can be determined by 
mechanical measurement or by use of an 
optical projector. Thus positioned, one piece 
after another, or successive chuck loads, can 
be ground in the same location. 

Similarly, the position of the form can be 
established in any setup, whether it be on a 
chuck, motorized centers, index fixture or 
special holding device. 

Template-Making — Although it can be made 
by the layout, bandsaw and file method, it 
is generally unwise to use up so much of the 
final workpiece tolerance in the template. 
Also, no more time is taken to make the tem¬ 
plate accurately with the proper equipment. 
In this way, the operator may take advantage 
of whatever leeway is permissible in the more 
exacting job of form grinding. 

The Jig Borer has proved to be the best 
source of accuracy and convenience in tem¬ 
plate-making, Fig. 233. If only radii and 
rectangularly related surfaces are required on 
the template, the blank of }'g" brass can be 


173 


Digitized by 


Go 'gle 


Original from 

UNIVERSITY OF MICHIGAN 




KOiES, CONTOURS A HO 5 U Rf A C € S 


the machine urhiev fhu\v 


•set up on 

angyiar r^iadons lihiist be established^ thp 
blank is set up on a rovary table. 

I...Vmg conventional Jig Borer practices* 
female radii can be machined, resorting to 
ipdicatbr iheasming for sjxe dctcrtnihation 
where necessarv (page 140 }. Male radii are 
kicajtjxi by, /a^small gpnstructiGn hole, which 
is used to eenter ihi*.point by tiieaiw of an 
indicator Over the. echicr of table rotation. 
Using a cutter of:known duiroet’er.arid moving 
the. machine table the requisite amount to wr- 
rcctly rekirc the spindle stgis and r^tai y tibte 
itxis, Fig/234, male radii ntay be machined; 


iF%.. 229 }— ffttfppfMr, chuck ; it involUubk 1 n 

rr , i . .^SK ILodBiLtf*-- , *. %* -*? » .v - , - - I M$M 

l bus, in genend, ordinary*; Jig; Boring, prac¬ 
tices permil thecomplete machimng of even Some research has been minared in the 
rhe pomplev irinphucs accurately and field of producing the second ol a'matching 

ethciemly* pair of templates, required for punch and die. 


HHKpl&pag 
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LINEAR FORM GRINDING PRACTICES 
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%. Z.<2 — Hu Moore Horizontal -fyMfx fixtu?t wh Mr mJ fin high aaumry of index spacing 
hf'qurnil)' required )n form pr hiding* 


High-carbon;, hL^h-chf Oii|<: and high speed 
gfr$hi present a ; problem of wheel choice in 
auv type of ^riudirje. p^ftieuiiiriv in Ihv^tr 
form gr inding. Fhg rntvst y foiritsVve 

for the#: tfiogla-4p'pcar| v fo- Ixr 
■Ur-wheels UfJ hardness;'Ainr 
md£s a very ^afisfiicrory r atc of removai. 

h it$ Tjcqiiiremml nfgoad 
stfo&ry finj$h v b^uebte the use pf:n finer 

wheel* of ^pproximatdv f 2(> grit. "\ . ;, 

AJthoiigh Wheel; :ar«^ pr e^um- 

abXy stm>cl«rdiz^ there is *trc ofomTfoie 
dilierr.ncc iri perforin a nee between wheels 
supplied by foifforeht tnanutbciurm It 
therefore. advisahlw-to maker ^.performance 
comparison Ixfore final selection. 

Coolantshould always be used With this 
type of wheel when grinding the abrasive- 


by cistfogV For exafjripkv There & (he possi¬ 
bility of producing a matching template with¬ 
out machining. by allowing iHufom sulJu* to 
solidify Agaimt the r Y ontpaitd eder of the 
machined n ropJam 'To duttv.ihU method h o 
shown some promise; ?i has hoi been ;ih un-- 

iptalified jmcee$* sr ... . * . 

fit order focsvpitt. foreignmimvr* sifob -m. 
abrasive d\m v Crowding f;et>veen fompfofo 
and stylus, if is good practice to slightly chan** 
f'er the l.tnjH'i edge- of the mnpMo eootouiy 
Fig. 235, This insures mrrabfoonrrai contact 
between the two members. 

Wheel Choice — Wheel choice directly al- 
lects rate pf s;Ux :, k rerfJOval, surface finish <foti 
diamond life. The choice of a suitable wheel 
shouldhe made .'with th^e factors in mind. 
Frequentlv it wdl be a compromises 
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LINEAR FORM GRINDING PRACTICES 


/%. Zti —r Machining a irmplna- of clock br<u& im .Vi>; ^ ;Ji* #<»/*». 


resistant types of sitx^ Whetd speed is fairly fcgriotis challenge a wheel. A satisfagtory 
critical, optimum conditions being reached choice can be made from inventory of 
at 3,000 r par for a 7* diameter wheel. wheels ordinarily used .for xarfacc-grinding 

Thet^swr grindiiig types of steel present no the same material. 





HOLES, CONTOURS AND SURFACES 



Fig. 234 — Relation of spindle axis , cutter and rotary 
table in machining templates on a Jig Borer. 



Fig. 235 — Chamfering lower edge of template contour 
insures good contact with stylus. 



Fig. 236 — Fixed angle diamond cannot dress many 
forms. 


1 


Form-grinding of carbides introduces an 
entirely different wheel concept and grinding 
technique. This will be discussed later in the 
chapter. 

Wheel Dressing — As explained in Chapter 
11, the related angular articulation of stylus 
and diamond permits dressing forms which 
would be impractical, were it necessary to 
keep the diamond normal to the wheel 
spindle, Fig. 236. In order to accomplish this 
without reducing the accuracy of the 10:1 
pantograph mechanism, it is important that 
the center of radii of both the diamond and 
the stylus be exactly in line with their respec¬ 
tive centers of rotation, Fig. 237. 

This condition is attained automatically 
in the stylus by the locating dowels in the arm 
to which it attaches and the Jig Ground 
dowel holes in the stylus itself. The lateral 
centrality of diamond radius is insured by the 
accuracy of its generation from the shank, in 
diamonds supplied direct from Moore. This 
shank, in turn, locates precisely in a carbide 
bushing in the diamond arm, Fig. 238. 

Longitudinal positioning of the diamond is 
accomplished by measurement from the gag¬ 
ing bridge, Fig. 239, using a micrometer 
caliper. The dimension etched on the bridge 


is from the gaging surface to the center of 
rotation of the supporting arm. In measuring 
over the nose of the diamond, its radius must 
be added to this value. 

Diamonds and corresponding styli are avail- 

able in the following 

sizes: 

60 ° 

SERIES 

Diamond Tool 

Corresponding Stylus 

.005" 

.050" 

.0075" 

.075" 

.010 r 

.100" 

.0125" 

.125" 

.015 ' 

.150" 


.200" 


Worn diamonds, if not abused, may be 
re-dressed to a larger radius; thus the .015* 
diamond would be restored to match the 
.200* stylus. 

To avoid excessive diamond wear, some 
roughing of the form on a wheel may be done 
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LINEAR FORM GRINDING PRACTICES 


with a hand-held carborundum stone. Final 
roughing to the template form should be ac¬ 
complished with the special roughing dia¬ 
monds available. 

Final dressing should be carefully done, so 
that a minimum of stock is removed from the 
wheel with each pass of the diamond. This 
should not exceed .001" with diamonds down 
to .010" radius, and only a few “tenths” with 
smaller diamonds. In this way, both the dia¬ 
mond and the wheel will last longer. 

Diamond life and surface finish will both 
benefit from the selection of the largest dia¬ 
mond for dressing of the smallest radius in the 
required form. 

Frequently the requirement will arise for 
grinding a linear form in two slightly differ¬ 
ent sizes. Typical examples include: 

1. Roughing and finishing the same form. 

2. Blanking and shaving stations in the same die. 

3. Shedder and punch. 

This dimensional variation of the same 
form may be achieved with a single template 
by these alternative methods: 

1. Where the desired dimensional difference is 
.001* or less, the diamond can be advanced or 
retracted from normal position in relation to 
the center of rotation of the diamond arm. 
Advancing the diamond produces a form larger 
than 1/10 that of the template, by the exact 
amount of its increased projection. Conversely, 
retracting it produces a smaller form. This 
method imposes the requirement of keeping the 
diamond normal to the wheel spindle, avoid¬ 
ing any angular rotation of diamond and con¬ 
nected stylus. 

2. Where a dimensional difference of form up to 
.003* and/or greater insurance of accuracy is 
desired, the nominal 10:1 relationship of stylus 
to diamond is altered. For example, should a form 
.0025* smaller than that normally produced 
from a template be required, a .125* stylus can 
be used with a .010* diamond. To produce a 
larger form than nominal the procedure is 
reversed: A .075* stylus would be used with the 
.010* diamond. With this method, angular 
movement of diamond and stylus, so necessary 
in dressing many forms, is possible. 

Having dressed a form on the wheel, it is 
advisable to check it before grinding. A con- 



Fig. 237 — Off-center diamond can cause error in form . 



Fig. 238 — Carbide bushing and non-influencing lock pin 
accurately position diamond. 


venient means of doing this is to set up a piece 
of sheet plastic, such as bakelite, and take a 
trial cut through it with the wheel, Fig. 240. 
This piece may now be compared with a lay- 
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Fig. '£39 ■— IhatnrtUii te hntUudimU}^positioned to mmojflth'r mtaviiifwt'ni (tow vdgtrig forint. 


tmi m -an optical pnojucK.ne before y riucling 
the wbrlvpieti‘. 

Forrrt Grinding 


Tin allr^round kamihat ion 
die. Fig. 241, one station dT which Ita* serv'd 
as an exarnpie^ tdntoiLr Jig GiuitF 

ing r also pmyjdes \n m Sta¬ 

tion, Fig. 242 , a iyprai example p Jmen* 
ten griiidm^ 1$ nrcld To Utu^^ic |p&^| 


outlined, stq> by £tep,.as applied to die accu¬ 
rate and imerthan^caliU' purifies arid die 
sections, Fig, 24 y of this press; mo/ 

The punches ate form i>r^und from rec- 
tangolar, hardened/' M&nfes as follows; 

1 . The blank is mounted on a magnetic chuck. 


ItifiL pttui of form in plaUic Usl piece. 


,jV 4 !qm 








LINEAR FORM GRINDING PRACTICES 



interest of xotitinuflj. allround xte?t»-tr;ior faint fiv(kw dm will be Used px 

fh'-M0id(fue of Umar form grimlinz. d*kl its, ■ tifolttinMpjv ibrb>t'-ation ■ uf jiuthz and contours. 







Fig, 242 — fitc rtifot-ftit'tahg station poses a problem of linear farm grinding 


diinerwion .checked itt • tbe* fmiUrr, Fig 2r»X 
with ho d<^icom^r<^tip^ior 
S The ?n:p .is fmish-givumd a.r itociipmmon (,.. 

*vorkfr)g m >i ptii? i&immun'iy fig. 2S6, 

Fhush-grind the ham. m opera! ion 5, 
>v?*rki nq to ntn dimensions from the no sc. 
Final msj*iction i$ ipa(dtV tii incisure inept c*tlfcr 
• • ‘betv.>>eh' pins, Fig. 256, alter ir&dii htfve 
been optically measured. 

i 

If 1 . The jrecessandraft t« ground to Vvithiiv 
pmximateiv ‘ ,V." of file end on the inclinable 
chuck., parkh»g the end rj the piece up from 
the chuek add a\vav horn the s'et-edge to giro 
the required taper, In practice, one half of (he 
term is first draff-ground on eac h side ol one 
section, lug. 2:o. the remaining half is tficit 
ground to a blend \vith the first. I)nd> b 
•ground in the step Iasi. 

*1 Th< radius, conforming to that of the Jig- 
(Ground hole which it must ht, as ground on 
the hack from a lent plate and formed ivbed* 

:psr^ry.:<^.y : './'J 1 ',- ' \ , f., 


InUrfhavgejatolv punches and dir ietfjitkfcqf: 


0 totfn.r^iacifig sfom/ii 
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Fig. 244 — Punch blank rough form-ground, one side. Fig. 245 — Grinding nose of blank to clean. 







































The preceding, example involves most of 
the accepted linear for;n>grmding practice. 
Variation of these operations, a knowledge 
of the principle involvedand a degree hi 
ingenuity in evolving special tcchniepies w hen 
necessary ¥ should provide for grinding any 
linear form likely to be encountered. 
Form-Grinding Carbide — Carbide dicy fife w 
largely a function of rhe of the com¬ 

ponent parts. Top much stress, therefore can- 
not be pul on the importance of accurajtdy 
grinding these pans, Fig. 259. Many prema¬ 
ture tool failures cm be traced directly to in- 
ddlrcuit tusk of linear ldrm> 


WHEEL 


CQfimmm 

ANGLE BLOCK 


.HOLD DOWN 
SCREW 


accnr^yyvia 
grinding thiy mutertal. Foriimaiely.ihe design 
of r Wheel Dresser and 

the Form Crinder Te$efe‘ directly to the 
accurate and dbeiem performance of this 
operation. 

The dtiiyersaily iamiifar .safety raror bladr. 
Fig. 2»)U, produced by the Tiostqq plant of the 


Fig. 2 >V — Grinding the radiui on the hack | which rnmt 
'Yinjorm to hole that wtH reem t it. 

Gillette Safety Razor ‘Gompariyy provides Via 
outstanding example of linear form grinding 
of carbide press toots in prpductfoyi quantities. 
Produeiion dTca er i wo bill ton Idacfas per yjKfir' 
in this ont plain alone emphasizes the eco- 




s>inv V 

■jFtg- 360 :*'^ fVry c/jfMr? tolerances are required to permit the Use of interchangeable press haling with 
rmiierml of thi< extreme thinness. 


admit: impotence o\ the required press tools. that of ioohsieel dies! This savings ratio rx- 
Averuge life of a t^l^sted die was 100,000 tends also to-the maintenance and operation 
blades per gririd.n^quiritig replacement ol one of the carl/ide press tools. It is reflected in -it 
complete tool every week of production, The reduction of tool maintenance'man-hours, in 
progressive auuude of the Gilicue Company Jess irequent interruption of production for 
is reflected m their duingrmev m carbide dies adjustment, -grinding and replacement of dies, 
for -Vtl.fe ■wnfafc of fif with the attcmd&n* enforced idleness of press 

to ! in the rmmber of blades produced per and operator, 
grind a#d durk^ifae fpt&tHle live tool. 

fins iaoo \v ; 5'«dtl iue^n little were H not 1® *' * - . ^ ‘\ rl 

lor die hte> 'hit these carbide dir pa us are ]jg fi g ' - / \, % 

lorm-groumi • on die Moon: Panto-1"rush J 

Whirl Dresser to a clearance pf ,0002" he- 
tween the punch, Fig. 261. and the die sect ions, 


lie. completely Tih^fchangiehhtc iit gveh 

greater degree than dv i -lades which ihe\ 
produce 

The vavihg jh The use 14 a material 

ivhrch. exhri^:ihciile the topi by a Vatin 
id Ml to \\ ; a i M lihercasc of only 3 ro 1 r 
decrease* die tuij'j cost [>ci blade to one-tenth 


.bvC' /-.*•'•" .b y. v.>vy?<*;. »** 

/ * •/. 2 i ■ 7 /•'» :uhd eat hide .punch U linear !»>»>. 
jgtfjW$ from UP solid hy the matched farm method. 


Fig, 262 . The cos 

three; tihu\s/giea.fer,’ 



thgu a duplicistCei 

? 'tec! parti Made i n prod dtl : 



lion qtiiotife: ti 

i^nselg^,, i h CSV* tdftls. musty 








LINEAR FORM GRINDING PRACTICES 


pM SSBi p 


->JT C&ienc.SAfMy Oi 


Fig, '.dit $tcii<m$ mprwnt tntwhangcabU 
tool trio Httmllrd av z pradfaiwn ji/h. 


T. A conventional abrasive wheel is dressed to the 
required form from a templan* 

2. Tl le integral crusher roll of the Panto-Crush, 
Ftg. 224, or the self-powered, chuck-mounted 


costs result from form-grinding live earfndtr 
die parts, Fis:. 263 y for irntmnng tixe' hoeik'r 
on pan of the raaur frame and the carbide, 
press took, Fig 264. for piercing the lathcT 
slots -.rafeor ;pi&f}y 

The only effective 'abrasive, for form-grind- 
mg carbide is diamond powder. Canveiidon- 
ally, this & impregnated to some depth, usu¬ 
ally 1 k\ in the rim of a plastic or r octal wheel, 
Stich a wheel is virtfiallv impost(>lc to fqrrn 
m a desired contour with anv accuracy: even 


3. Flu?. 4jbr arrive tv bed is removed fn im thrSplridJe 
; arid replaced vyitto a eppper-rimm'd- itbi.fhmuin. 

wheel. ITg- available as 

4. J hr dit-ydrig diamond is replaced with a special 
rartwde' tool of exactly the satxk>fz£\ shape and 
avcur*cv v Stvd the tnnn is litrned it) t he eoppvr 
rim front the template. This operation pery 
formed in the same manner as wheel /dressing:. 
B\ advancing the tool as explained m nnuhod 
t. pagjg l?*), the form is redured slightly incize 


tn be used; Fur roughing gdffy TO1' should be 
allowed. fqir Hiiidung grw,.- -.0005The form 


ously ground .f'ru>ht -r toll with thv projecting 
abrasive hctvvivn. f ig 2<-8. 

Tin* crustier roll is misted with light oil and its 
form tut i frvrml v sprinkled wit tv diamond powder. 
Tor roughing, a btf- PM) grit powder should be 
used, and jBb - 220 grit for fmishing. With the 
wheel spindle stopped, l he rotating crusher roll 
and wheel are brought into maUrte vo?h«k\. 


foil owing sequence 


,v««re ; i.t possible; -a iarpe propmrtiim 

of the ex- 

3vuuid bewsae 

d, Siioplc 
available*. 

however. . Their usr will be explai 

Diamond-Charged Wheel* — H'igl 

Hir'd lau-i. 

j accuracy ■ >, 

<*iivJ i l* tvl!. MlvT «( * liVi Illl VvyU.y* 

aiid material. can l.«c realised bv 

MY *M >Uw> , 

use pf the 

formed, diamond-charged vvheej. 

Fig, 26?. 

actually made on the same mach 
utiUxirs tl idferm^grmdvng carbide. 

i«W? ; which 

T ibs type 

of wheel defiyes i ts accuracy of fore 
same print 

ci from tfae 
;ipk» cb> 

scribed in dir preceding ■. chaptc 

r. in the 


Go gle 








3. The dressing diamond b replaced with a special 

on bidr loot of exactly rh<? Sajrf£sixe v shajpr <*nd 
acaicacVv and the form is turned m the .copper 
rim from the qj^eraiion is per- 

formes! it* the name manner M Wheel dressing. 
Bv advancing the tool m eKpi^uHed 'in method 
1 s pa^c iT^v die form \s redn.e^d ^Tghtl^ in size 
lo allow ihr prOjf'Cn'ijn of the diamond abrasive 
to he Used, for should be 

allowc-d; foi .finishing grit. W0fA\ l*he form 
thus produced v\U! : exadly fit that iff t he. previ- 
oitsly gTUuhrl crasher bar with the projecting 
a brasiye bei'A ee>i, Tnc 2bb- 

4. The crush'*!’ h;*r b.misfed ligitV-oH and io 
form aoiformly $prir*k)<*d, vbth diamond-pow¬ 
der: For roiighing. a hO -100 grit powdet 
should be usedst-ifl 4 M> - $ 0 : ;{*ri£for finishing. 
With iHe vvbetfi spindle stopped, aqd the table 
vecljirocating, die Wh^l is Uixvered to bring its. 
(orrn imo that of the bar Increasing down!red 
pressure causes the moving ha* to rotaur tile 
Wheel .and forces (he diamond particle into the 
formed copper rim, xvhertr it b iirntly anchored. 
Sim e the bar is shorter than the wheel circum¬ 
ference, only a portion of the wheel can be 


«>»«i fJ:<y i <i >Clir.*r U.i?or Co. 

/%. 203 y- Ihriip- \y nr. ^wily. Rinats •< ,uh t 3ji ; wy- 

The lurch)" together uf thr mmrng term* of (hr 
two members firmly embeds the diamond parti- 
cies m the copper rim, 

As an alternative \n lire crusher .roll, .i 
crusher bin mav be used as toll cues' 

1. A hardened, bar jgff adeqnair cross; section Vis 
moumod oe rhe magnede chuck and form- 
-.grptjjjt}’:>!>; e dv. the sanf^ jpaiiher a* a work- 

picev. Kig. ?(u.. This bar should be approxi¬ 
mately ip*i tu -me-thuO till;-'wheel dUmruo 


: f bn ata a* ivn* \v h >*ebis r<*}noved from. ihe ^pinMh; 
,and replaced with a cop|;fer^rimWiecl fdimtbmm 

wheel. Fig. liable;os aita* ee&vqrvv 


’CVmhiW ^ (? .Sr.teu '&pw 

'}?($.%vf- !»rttiaground rd{h}3f p0iy- 
ttyfofh'f.'br. ;$$~y 



Csrrbid© Grinding Techniques — There U 
considerable advantage in the ti$e of o?us- 
merciaily dvaliableptefomted M:utk$ for cct- 
tmn standardised parts customarily fofmt- 
^t'qund in cariVi^e. Thr; actual grinding prvat> 
tire* are 3 imilar in most respect* th those 
employed.: in grinding a comparably ;£g*el 
pint, with ...the following \*ariati<>mr 
!, Tfo'rfiifi's^4p.uri;o.g 

• l>eMg'ftt' Truth the use \ii fhs.jftr; 

stnu'ghi^racedr hnpp‘gna(ed diaqipifo wheels 
for prr-runghiiig. In tins way the Target pro¬ 
portion hX tlie stqcfo ifotefpoved without vve.u 

T No more ihan a J or tWci demforerd per 

pase should ixc ydtempted. T he natural ienderiry 
to crowd thelfeed wj^lcKattiri the fomr op foe 
copper run. 

,3. While the ideal cdplitU-hihriogtht ia kerosene, it 
V v» So* 0 bjectit*nabk : foThe Operator that conven¬ 
tional coolant is geneoiity used, with satisfactory 
• • results. •* v- : .' 

4. C&rbide caqnot be held by magnetic aUraebao■ 
The easiest solution to this problem .13 ty use 


FortP?Uii:nfd r ditipioihd jfnm^hat^d, dus. 

hiiiHr x 0ibni *t f 


titafged ai * unuo T he’wlirCi ^Harid not l>e ^7 < l 1 \ 

Extracapper rims are available, ;«*. thai-u |.' V ; 
changing fdrftiSv the old rim is cut dirough 

with a saw and a new' one shrunk in place. /-%. 7dC' — I'orm^Kiund (mho roll in plait on chad 





Fig. 267 — Copper-rimmed wheel mounted on spindle 


MOVEMENT DUE TO 
SPINDLE GROWTH 


MOVEMENT Q*J£ 
TO CROSS 120 
screw amwrm 


fig. 2fc • Dmmond pailkin pro)ret from capper by —---- 

nmount ftlloif-rd far them in relating (hr form on the Fig. 266 —- Effect of axial \pindle growth or cross slide 

c'ntshet roll q\ bar to (faitMerited Iht am of the wheel. movement o/?. fmxn. . 





LINEAR FORM GRINDING PRACTICES 



Fig. 270 — Re-dressing wheel to width is wasteful in 
the case of nearly parallel-sided forms. 


magnetically held steel pieces to “back-up” the 
carbide and hold it in place. Where the shape 
of the piece does not permit this, tape with pres¬ 
sure-sensitive adhesive on both faces provides 
an alternative work-holding method. Still a 
third possibility exists in the use of a fixture, or 
nest, equipped with hold-down screws. 

General Practices — To an even greater ex¬ 
tent than in Jig Boring or Jig Grinding, linear 
form-grinding practices are subject to modifi¬ 
cations imposed by the conditions of any 
specific job. The following notes on general 
practices are not, therefore, necessarily ap¬ 
plicable in all cases. 

1. A continuously energized electro-magnetic 
chuck develops heat which may result in di¬ 
mensional errors in the work being ground. 
For this reason, the non-heating, permanent 


magnet type of chuck is often used advan¬ 
tageously. 

2. Diamond-charged, formed wheels grind most 
efficiendy at 6,000 surface feet per minute and 
by coincidence are most efficiently turned at 
this speed. 

3. Displacement of form in relation to the chuck 
set-edge can result from temperature-induced 
axial spindle growth or movement of an un¬ 
damped cross slide, Fig. 269. 

4. It is frequently preferable to grind parallel or 
nearly parallel sides of a form in separate 
operations. This avoids the necessity of main¬ 
taining this dimension in the dressed width of 
the wheel. Re-dressing to width would entail 
the removal of a large amount of wheel ma¬ 
terial, Fig. 270. 

5. Necessary blending of portions of a form, as is 
customary in grinding draft, is facilitated by 
blueing the finished surface and grinding the 
remaining surface with an overlapping width 
of wheel, until it just removes the blue at the 
blending line. 

6. It is advisable to rough form-grind completely 
before attempting to finish-grind any portion of 
a piece. In this way, the effect of distortion from 
roughing is minimized. 

While linear form-grinding practices dis¬ 
cussed in this chapter represent the basic 
principles, they likewise provide a background 
from which suitable variations can be made 
to suit the requirements of any specific job. 
For example, the procedure outlined for the 
lamination die punches and inserts is intended 
to show all of the requisite steps for the attain¬ 
ment of highest accuracy; many of them can 
be consolidated when somewhat less than the 
highest accuracy is acceptable. 
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HOLES, CONTOURS AND SURFACES 


in tornitk ctilifter measurement of hole {motion. 


A survey of “surface plate'’ hxtationaf 'in¬ 
spection inethpds wfH reveal of 

wtov cited. % point 

I. Vernier cgUpgils Fig; ,0 %provide a rapid but 
inaccurate, means of measuring locationInac¬ 
curacy is in the rrlatKc crudeness of 

the instrument and the £ac'i:4ha.t.vtt does not 

^r^dily 'r^eal -jugular(I,., v . <vv . .... „. 

-. St and mg the piece: on edge on. ^ siirlacc plate the fetf oi the *\oi% Hg. 2?4 

arid measuring the heighr of holes or ^urfaccb The problem increases opm C(?hsider;ition 

from it. 1'liis.iiivolvcs thexe?e ni itcigtn gage *>r dlwhat is invoiced m the, vastly more Com- 
indicator mounted an <> smlarv: gage and gag*' phw task of location a. I inspection of contours, 
iiiiitvks tor comparison. Y\ heihej the measure- Fig. T7 ; 5. Phis introduces the.. measurement of 
uK’iu be to the actual surface of a hole or ta that male and female radii, chords or .tangents to 


an error rrtaplijwti frp the distance from fht itofh- 
face at uhith mrasurmenl is made. 

In any vase, alter checking iocatiuct i;i one 
direction, tire piece must be turned MO*, m that 
rectangular distance may be measured, libs 


•ships. In yieiv *pf ail ofthese considerations, 
I t can vk« longer lie a question of •variation''.' or 
iorther ryfriiyrnem of tffe^surfaceplate'* 
tfiiiifiv 1 imead, a IpgicaJ transit 
thVfi:j£ mdlfouvli to penalized methods and 
eqiiipniem conrparable. to those, which have 
prdyed so effective in solving the problem of 
establishing location! 






AteuwtifiQ io a plug if an indirect wenw ;hf. publishing bob location; 

Reflecting ■the’. <;h#ehmveen its Forrunaieh., as the analogy between locat- 
kindred problem ui lo&wmti, hrspetttofi ims ing and'* inspect in« ha$ showrt* the same soiu* 

aW benefkrd from the adoption pi 'interim dun h applicable to both. in over 9U per cent 

solutions These, m them*ek'e,y represent an of all' cases, the-AtmeJig />Wr met Jig (binder 

Improy^in^BE ha a^kraev ; J^ore provide: the mttei atcmhw arid ffft&wt means for w- 

significantly^ they point unerringly the trend ipnliriM Irieit- tn< n uork. Oniv .sn the occasional 

:io‘ the/uiumate’.engineered solution. 

The (od]jn 3 kcT& microscope V representa- 
five uf tliis trapsitioiK Fi>c. 2?6. CohaiXtin.g of 
a fixed vmicaJ nucrotfcope, beneath ivhieh is 
4 srrwfH r£<ti|ijiear coiappnpd coordinate 
incasuring svsterri it; overcpifics rnany of the 
disadvantages ofd‘surface pla to v inspection V 
I X 'falls yh<*ri of a fcompbne 
ty pe| of Work for the following; reasons - •. 

L It dors m*i provide a eomciuem, rigid‘iTifiUiiW 
iiig ibr rotation ot ar> indicator, 

2. TV vvork jftill musi hr: re/onvntrd m the datum 
.-• / cri the cardinale system afid to the direnlinnf 
of itavd. 

% It is too smalt for inspection of a large; propo?- 
tion of. average Work, especially nu.Utirstah.nn 

dies. " y i *'-•■. • 


■Jiigl phiff )hsjfrrj.i(ifi -vf hole location iri~ 

n>fr,;\ prtdtitfmnomnof -.ijuah rms of rdgex tu < n>h 
other md 10 the (&& of- tip .workpiece. 


•-Tr" < 










HOLES, CONTOURS AND SURFACES 




Fii27 r > . I* trt r :taliliiliini> Iw-aU'-y. <4uUUt4 ,1 ■ ^-uom /■/^A/. thav sh hoir\. 

where inspection of' location ,io nn accH- .Adv^iage* oi using the jig Bom or the 
rhcv ot a fraction of a '‘c:mh v fe critical, in it;.(intK(cr>fi«r inspection* of \imt own worfc 
necessary in inspect Jig Bored or Jig Ground' fcnciuthw 

work in the Moore Measuring Machine. 1 fife ]. e onsidehtWesviv irig ol nme exults irv>m chvek- 
wiil I >e discussed.fetrr in the* chapter. mg the .piece n» the nrigitial shup. e *fjUt m// 
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in ihs machine. This not only saves time in in* 
spccnou but — Hhcntld an errjnr be discovered 
• •/fyth'e work ifi'itt position tor correction, 

$L The siime directness vvirteJi .reduced sources of 
lOcadonai em>r m comparison to toolmaker 
method* similarly reduces the number of 
steps and sources of error in inspection. 

3.. The machinery inea^uring ^iem is fully as 
accurate as an* standard which would be used 
in its stead The inspection values, determined 
bv rhea as of this system, are likely u> be mote 
accurate than those attained by use of any 
other shop standard, because the transition or 
reorientation errors are eliminated, 

4. The machine spindle provides a nutalahle 

mourning for ah indicator. Holes can be picked 
up directly |h this manner, without the use? of 
plugs or pins. 0\h-ohr« Hmdui;^ phen mistaken 
lor oOl^lyUicau^ d^ii'tricd aJtid idem 

liked, Full 3Gtr rotav^muftl^spihdlc provkles 
a : dhuble indicator, rcadn-ig of. Tpy error, thus 
increasing ^riisitivity. By Car deal move'uont of 
the spiudlc and indicator the wtf pc old hehole 
can be explored, revealing taper., belhriouth 
uc barrel shape, ' - 

5. Con iota's, cate of the mast ditherth; time- 
consuming jobs, of inspection. can be rapidly 
and accurately measured and inspected by use 
of the ‘indicator measuring'" ferhnKjueJ de¬ 
scribed in -Chaplet 10 10;*. 2? I shows dimem 
r'ons to be inspected on the same contour Used 
as an example of ojojourjig Grinding. <5f this 
it might well be said, flow Tcudfcj you 
inspect \t?' y 

Work Jig Bored or J ig Q rwti nd \6 jjolat coord i- 
tiaths op the rotary table can bje rnsptx-n^d to 
. :rtel(itipilat coordinatt'S i>vfhe y^nie seuip. This 
. not only provides <s check on possible errors 
tv> -eutrrgs; ii diniin.yo.'S source of rotary table 
' errors, outlined ip * 

e. ParadoMcaiK. die iViadhuit^yW'yil actually In¬ 
spect 5t bit more, arei j ra.u?I y than they will 
locate; under some eondiboiis. This, again, is 
the advantage of .static over dynamic v4l\u.y. 
During- in spec Mom both the machine and tie 
work are free of vibration, stresses and tem¬ 
pera turb differentials, so thar the accuracy of 
the measuring system is undimVnished. Mlrmte. 
crrdr^ from durlatter yjurrr vvil| generally be 
revealed as all in one direction. A .re-pickup 
of xhe relWenr? point will often serve to cancel 


Co-- 7 u*:!niaf,rt'> wi< .m>ropt 


A ddisTOscopr^ interchangeable wit It the indi- 

* ha for in tbfi machnic^spindle. Fig- 27ft, can pick 

' ; '• up; • rind Sinai 1 holes which dannot >be 

: rronVeh ten fly rca died \vV* h a n indicator pbiu r.. 

VG 1 iV$peciiott of , workpieces which would not 
stand unsupported on a surface plate can be 
made directly.-This eliminates theintroduction 
ofangidar error through use of setup members, 
such as angle from or block*, during inspection. 
TD? A wide variety df wcirk which has not been 
produced on the jig Borer arid Jig Grinder 

• can' f>>t*'t:1Tec4'iveiy. mspejuedf by them. This m- 
-fdbdes measiuv merit of pitch or lead bf *Crr 1! w 
ybyt^ds* Tig; ^T0; hAbii And tape a& well as 
form tools; cam* and gages.'' 

In other words, ihe- sarm comimmioo of 
recta n gular coordin aT measuring system and 
ptrrpencltoiiar sptJiy)<v'^Kcii eti^blG^ prceislv 
/fStiCttm of teles 3nd contour*; prox^les the 
logical and eHf^tive msptctfon means for 
• : lbmi! •, 

SETTING UP THE WORKPIECE 

Assuming the wotkhaTjim been jig Bored 


them mtt> 

or Jja G 

round., mid is still in position on f lu* 

' 

197. 
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machine, setting up will obviously be un- Ground, the points outlined under this head- 
necessary. However, should the setup have ing in Chapters 7 and 9 can be applied to 
been disturbed, or should the piece to be in- setting up for inspection. It should be men- 
spccted not have been Jig Bored or Jig tioned here that, in view of the possible need 
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for reorientation. hi the process of averaging 
errors* the’- d^irarbilit'y. of mounting terrain 
types of \edrfc on o rotary table 
pose is somevvhat ^reafer than setting 

up for mrtd'inmg*.. 

Dimensions* Pickup — Thb.vitally nripohatit 
Step in inspection proc^te:M&dd^ uiidfcr nof 
circumstances, depend''upon'a pickup made 
for the machining one* ahem; Since the objec¬ 
tive of inspection • of loca¬ 

tional accuracy' of holes and/or surface^ the 
average of their posifhHiS should be used m 
establishing ihe d.num .or reference uf the 
work hi relation t<i the spindle .axis'and co¬ 
ordinate uicjsi^ing system of the machine 
Quite frequently die Yihrtiiqnlnp of these 
functional points to each cither is udlmtelv 
more hnporikiw than their coml>incd rotation- 
ship ao thg original daium, such as an edge, 
which might have been an arbjinirv rdcn'nc<' 
for iTfaefmusig Jo-such eases, the Janer can 
be cpttsvdmxjl as secondary and, \( meCi&zvyi 
later to he cdrrmcd.i 

ReorichtariMv or avdra^hc of locution* 
dtiring.' ; dirnem&Stial.. pickup preparatory to 
mspeetion* may be of the ioilowme nature: 
b Liuoufy or In one direction of the machine 
^Tg ;2^0, ’ 

2. KecUimear; or in both dirocnooS' of machine 
trayek Fig. 2 hT 

3. Angular; m j direction of machine travel. 

.•Figv ‘^3, : pr tiny' cprgbipfttk>iy .of .these' nectary 
UiMt&h ■&,coniprotnbe pickup which will bring 
die Inca dun o f al! functional points within the 
limits ol' tfiefr k>e;MroCial tolerances. 

After pickup, the scales arid dials are re-set, 

v-jjf described in Chapter 5: in - this respect, 

dimensional pickup ptbeedut^ 

of “mapping the.;campaign*"‘ preparatory to 
Jig Grinding. The bu*k: difference .k that, in 
one ease, the 5 ^rlgtt bcs in failure fo “clr&n 
up”- in the other *(M ppMijSl% 
of one <?r more points falling outside the 
limiting focauima! tolerance 
Inspecting Holes — Deter m'i nation of the true 
location of the axis oi; a hole by Inspf-nioii ou 
a Jig Borer <«* JigXirindCjr docs not firesuppose. 
a knowledge of its 'diameter. It does, hoover. 


Fig,-ixn ww-ftifnt aid pi ffle, me 
‘if 0 jig ku/w t v jig Grind# for tfhfoeivut. 


require yypiurmion of iis geonRUrv - round- 
oesS, angle of;v\i> to work surface, fa per.. beji- 

. mouth’ or. mhtr departure from cyhndndty, 

Korttumieiv, . they.e‘ Citu’ be rescaled rapidly 

pcoo^Qrce v . 

Ikmefahy th< mose eon.emenv inspection 
tool ' : %pra ' horuqndfij face 

indicator, l ie 2K\. Tins Irntrururm has the 
dhmnei ad\anbWc of eimiimmug the.peed for 
a |frfpt of. iV ncek enminc 1 m altl*ihpting to 
fc^d tht" dial of a vertical f^Vcmt^cfyd a, 
poi ri t i 80* frotti an ;ppci'rat r d^;.wdfhtal posit ion; 

Of these* relay introduce 

tTrdrs dtic- io. : .r^yr<5V«UE'| .''iqif mi rrji^r- - i i irt P.^c- and 
iu Resulting trnnt the .spacing between- 

needle and GGA gr^'duai’k*ris, when viewed 
from an angle. Fig. 264 r y e: 
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XlMs.urmQ-jnUlh •n hud, uj <i ro m i 'hU>< l • on <>■ .V-. J 'Mw? Jjfe Hu nr. 

.imdica.'t.ei'm .ajre available with either 
or. .001 ^ ijr&djiaitkgis* and the lair^t is. 
' mqre, practical, The ibriper is $6 limited in 
range that it requires the workpiece to be 
Within a- ; very lew thousandths ot location lie- 
fore it can ‘even be used. Also, its high magrii- 
ftcatioiT necessitates such high contact pres- 
mtv for operation that an extremely rigid 
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h'io. 2 / -- l hi *u i t s.uyry Aiaumre hHmtn imln at.y 
(Hal nr rAlt nwl dud ^nidhalim* introduces q panillax 
trtor u hrfi rriut at (in <}H*U 


this; condition play Jpfid io iclcrHifemg it as 
out -oblocanon. I hi' most lomniorv form of 
out-oi-ioundmr^, P rilipsuKlal. revealed by 
high indicator reading* 18 b" apart and by 
low indicator &M.dxtigs> a bo bur 

at 90° to the high* Tig, 285. In fbb case, the 
axe: nl thehotr is d* n j utUK*d bv positioning 
the wqpKc, 50 that full rcyqlbripU of ^pmdfe 
and indicator prcxidees -k pmPp equal high 


imnimup 


dtoutitJhg in!i5l bey provided, whereas ease of 
portioning is desirable in such a mounting. 

By epmrjimp the* 2)b1* indicator permits 
reading as link* ns 0001" needle movement, 
provides an adequate range, and exerts ven 
Jinn. com act pressure. It has much to recoin- 
menu if. in .inspection, as well as in Jig Boring 
and jig Grinding' 

Rviundhesi of a hole rimy be verified by 
pd4hdning the work by means of rectilinear 
iiiacdtme niyrvemeni^ so that an hidicatorepn- 
racfcqgoils surface (ioe5 not change during a 
full f evolnbon of the spindle to whi£h it is 
attached. At this point, the■spindle arid the 
fhilffare roa^i^l. and- the jocatiuu of the latter 
can now bo idmhhed ip rela tiort io the meas- 
prihg system of the machine.. . 

by inability 


piit-dbroiincfness 
to position the work, so that no change in in- 
dicafor reading is observed during a full 
revolution of thespipellc. Failure o> recognize 
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hox.es, contours and surfaces 


Only extremely small holes present a prob¬ 
lem in thus inspection use of the machines.. 
This is due u) the size of the indicator pom 
which may preclude nave*sing it due length 
of the hols, Close Anting pins may be tease! to 
fieteci taper or bell mouth and, when pro¬ 
jected above the face of »h»- work. provide.a 
surface which can he indicated as a means of 
deferring ^lean/ Fig, 2& l h 
frtspacfmg — !Fhe location and com 

trolling rinnensiom of contour are deter- 
ntih^d, duringfhsfp^lid'n on the machine, by 
the indicator measurmg methods on dined in 
Chapter*' .10. However, some of the felaied 
technique^ shell qls the use of layout blue in 
cstablishirig the blend of radii to-’each' other 
and to tahgepi surfeces, arc bot appijjbabtc 
to irUij^won^ Fvirxhcmxbt^v it desirable tq 
jn&peci such, ppip^ the $h;n*pncss of cornel's 
ami unihimuty of- d fa ft. T hertf ofCe the sub? 
!.ro_ \v ill now be approached to its applies- 
rich specifically U> inspection. 


mm 

WMm 

W&Mj, 

mm 


fit*- /V 0 - f >y*n Uf t r hi'/r / . ti-rmli-t! hr ivtUcatvrirtid- 

•h*4- 


readings and a /em of equal low readings. 
Other notWyi t irixxMrical lv shaped holes rev, 
^jlid^jhcnl' in ""juggling'' positions 
to clefehfiinc the true, position of what, at best; 
Will lie 


wwagt axis’ 

Taper ran be detecieri bv vertical move 


of the huje, contacting first one side, then the 
side Opposite, fn this case, the readings will 
prugtcssiygly. inereasc or degrt^tse equ$Il y on 
both Sides, clCpCfidihg </n lfi r - direction bf tfje 
tapes. f ig. 28 <h 

Angular \r>ciihjltion : br "Tshp:" r ofthe hak*; 
teethesupporting bice of the \yurk: Fig. 287, 
?s revqaled bv reversal of, the reading down 
otic -side as compared with tha< of the side 
opposite. . . . - / 

dBeitmornh and dthet devimiom from Xi nr 
c\ lindrteiiy are shown ,bv nvv^unifornt. change 
.'hi indicator readme during vertical mow * 
mem. Fig. 288. : * V 


h\g' ■/$? '’T'Jl.tyn/iif ti *hojt drifts up oil t/ti iitdhww- 
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tory'to resort to: iiidicaipr.itTCasuririg. in order 
n> determine whether the radii are, thprn- 
sdv-og within si z? tolerance. 

Thk is dope by ^erotog dieIndicator against 
tV 'Wtoliahed V^V'tvi*! e edge which has been 
displaced front dirr-spmtiie axis by .an amount 
equal to the nominal dimension in rjnestioh 
(zee Chapter 10 ). With the axi* of the radios 
tp be measured repositioned to^li^n/vvitto; 
that of thrn^dmie spindle, ihe todit^ior 
lowered io eon tart its surface. The indie a tor 
\vUI now show by its reading whether the 
rtoius iy svuhin (he prescribed dui^nsional 
tolerance,.. : v;.V • ; , ; 

, T he imfaon of straight surface^ in relation 


fii litfhm&fk ih indhator com - 

wyetftgaiim tf-LfiZ gtomvttysjf a hoU\ 

It should be einphas^ed thue preparatory 
to any impeciton of .Cdmpiir> by “indicator 
measuring^ not only- irnm a new; pickup be 
•made of tie; cbmralilng {oration* of the Y*v,- 
iaur, but alto of whatever Hfgt Xs used as a 
re^rence or datum.for the machine measut~' 
ingsvstme 

it.-is^ gener^Iiy ^fesiraiVto: lii porttons of 

^ cbntohr*.which’u f as pickup 
pbIfftsy*io‘ : for inspec¬ 
tion, for example, dw use*; oh hr lour- corner 
raclii in f ig. 200 would he the laical gbe-ice 
for pickup. This is also In keeping with the 
fact that female radii, which, permit full 
rotation of an ind&ator, are more easily and 
accurately packed thaby nlatg radii, which 
limit indkaim rotation The Ipemion of i he 
axes ofail radii, Utah: aru3 lottrale v should {iOA\ 
.-•be veAfiechbx picking thcfi) Up a» donct irf the 


’■ih&ctfofiiv. 

ja{<-.w ?i pm. 

Cg j$9 ~ 1-rOn of (ttitis >ih 

/ \muil 

<> fortidtt ildth an 

Having 

fOiti|Slt'U.*d this lim St 

epv.it. fc.ncve*- iijMpomn 8 detected ly me nj u 

jdted f)it 

c 



2fr3 


, ,T ->,MI jtop.S' A'!.'• b'>.;y f •• v .^ 


Go gle 


JlVER'S 

,y VCx v!/A ^hs\\V' •;.• s •. W;.WM 

. • 

lifiSflFw’fti3n'jiii , y; '• i M /iVv'.Vi 0 «» v 

•' i.‘- •*•*,*pr.r, • .*,• 

I/1TJ DH'M lufu q) ii yy; f ]v>' 




HOLES/ CONTOURS AND SURFACES 



Fig. 290 — Four corner radii are ideal for pickup on 
this contour. 


to the datum for the contour, can be verified 
by indicator measuring. Having set the indi¬ 
cator to the nominal value, the work is 
positioned to bring this datum or reference 
point in line with the spindle axis, and the 
indicator is brought in contact with the sur¬ 
face. Any deviation from the nominal position 
of the surface may now be directly read on 
the dial. 

The accuracy of blend of radii to each other 
or to tangent surfaces is readily ascertained 
by positioning the axis of one of the radii in 
question in line with the spindle axis, and 
bringing the indicator into contact with its 
surface. This is slowly rotated and should 
show no change of reading until the blend 
line is reached. Continuation of this swing, 
in the case of a large female radius blended 
to a smaller one, as in Fig. 291, will 
show a uniform decrease in reading if they 
are accurately blended. A sudden drop or 
rise of the needle will reveal an error in 
blending at this line. This technique is equally 
applicable to the inspection of blend of radii 


to tangents, male to female radii and large 
to small radii, either male or female. 

The alignment of straight surfaces which 
nominally coincide with a direction of ma¬ 
chine travel can be inspected by indicating 
such surfaces as the work is traversed by table 
movement. Alignment error is thus revealed 
by change in indicator reading. Surfaces not 
aligned with machine travel require the work 
to be mounted on a rotary table for inspec¬ 
tion. The rotary table is set to the nominal 
angular displacement which aligns the sur¬ 
face with the travel. Alignment is then in¬ 
spected, as in the preceding case. 

The sharpness of corners formed by the 
intersection of surfaces can best be determined 
by the use of the microscope mounted on the 
machine spindle, Fig. 292. The conveniently 
graduated, concentric circles in the reticle 
help detect and measure any radius at the 
point of intersection. 

Screw Threod Inspection — It would be fruit¬ 
less to attempt a description of appropriate 
inspection procedure for the wide variety of 
work which, although it was not produced 
on the Jig Borer or Jig Grinder, can be effec¬ 
tively inspected by them. However, one type 
of inspection problem is common enough to 
warrant discussion. This is the ever-trouble- 
some measurement of pitch, or lead, of screws, 



Fig. 291 — Jump of indicator needle shows lack of 
blend between radii. 
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Fig. 'Zfpijni&oftap<, is 

Jwi \httti % ti»nn cl* hrrt littvn 


laps, worths and hof>$.. While. the screw will 
heeinVi .a.s- r v^inplc, ill that applies w it 
is equally* applicable to orho ■ rcLuc-d work- 
t:\ pes died t toned. 

The* in»i)c.0iOT '-set.up is ruosi conveuiemiy 
made 

alined with the kmyuOalmal ii^.i of the 
The of fhe t 

termined by simple rneasurrai^nt over nices 
l)efore resfing tfe sirroy tiv V Arty 

bow should ' hc : n’ri^j^'Tn «j$£ horizontal 
plane, where it will leayt ;dfeet the accuracy 
of the reading. 

The t&fate is portioned rreu.syerse.ly to 
center the thread axte«■* IfceSVfth the spindle 
axis. This eon be done i:»y iwdicati ng 1^1 h SHies 


of t h cf.st i c>v. t Indy brdugKv in 

eomact with ilny^aark r^ the hrst iKrcad v at 

af?prtW:imiuely ]pm\i The 

positive depth sfop is locked and the mdkauor 
dial s:*;t i* < zero The dials and scaloy rA'-iMk 

travels pf the machine are sep and Hit* indi¬ 
cator re-cirecked\ i»cior(: proceeding -with the 
actual nibastircthent 4 

ikrad'is measured from-this starring point 
i >y .the folibvvjing st qxe 

I Back off lire Cross travel aereW far enough to 
hrifig the >mik*au.»r puiiyf clear .vi the work, 

• Fig, 

2; Advance the juirgitudmal travel In an aniourn 
rvjvial of the thread tudiig 

inspected,' as 'read' on ‘the toiacMticv* lead screw 
diaii : - ' y ■ '. x . 








FACS* 


CONTOURS ANO 


HOLES 


& Re-sCt the cross travel n> (hat readm£ repress n tv 
inn th<* center line of the screw, this will brine 


Tbr choice of eras# movement , pf duiwor.k 
ra.th<!T than mbcai movement of spindle and 
indicator., to clear rbc lauc^ is dictated hf 
>hc .tkcf t h at hV' ah t‘uW ■every; type M \ thread , 
the hdix angle Is far tefcst i ha rr thr angle. 

Therefore, failure to exactly repeat settings 
•in the case of vertical movement will intro¬ 
duce.'^ areater error than in the e-iw of cross 
ttiov witmt. Fig 29 r fo - 

{heprosttan of Tataramc* — Much of the 
.prevalent .confusion arid rnisundersta riding re- 
.-gadding the interpretation of ibUTarfoty in its 


The root of the probtenj in expr essing toler¬ 
ance seems jo rest in failure to differentiate 
her wen Iwtitton and measurement. A form of. 
expiession which might be. appropriate for 
one niay lx ambiguous when applied to tlx 
others Tolerance must lie expressed in a form 
suitable (O that which it Iinnis 1 he it a linear 


Fi\. 203 v ~-Picking up jh\t thread of sxteu. 


fV*> ■ • JUty. H *jd riiii.il 'V i-L iroi Ay tob/e iliiihMwt ad)0(»4it ihiyfld. 


.-■the -indicator irito /:omart with the flank of i]e 
second thread at the pitch litre. Am d< \ iatian 
frnm ?vrtj cur the indicat or represen ts i tie error ; 
in pitch between these two threads. 


-At - 



H ; (rpnlllOn U1 i ut2pK SU. |?h o3C vt4- 

CiUe. meA^ltX.rpepV’ i£&L\ he madeol lcad;lhlA‘#ch ; 
successive'thread,. or as many avreVphred. 

v ;t : 
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dimension, angular measurement or location! 

In the case of a tolerance of location, an 
additional factor is introduced, the true posi¬ 
tion from which displacement is permitted, 
within the limits of the tolerance. This is desig¬ 
nated T.P. and is, itself, related to some 
arbitrary datum, or reference, by a nominal 
dimension, Fig. 296. 

The form of expression ± .0001 in this case 
would invoke the question, “From which, the 




Fig. 297 — Graphic representation of tolerance zone. 


true position or the datum?” Furthermore, 
it could at best be applied only in a rectilinear 
pattern. 

In the interest of clarity the so-called “zone 
of tolerance” has much to recommend it. 



TOLERANCE 
ZONE BOX ' 



Fig. 298 — Relation of hole to its tolerance zone. 
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INSPECTION METHODS 


This “zone of tolerance” is, in effect, an 
imaginary rectangular box surrounding the 
T.P. By its dimension, it establishes the area 
within which the location in question must 
fall, Fig. 297. Several advantages are seen in 
this concept, including: 

1. It not only limits the area of location but, be¬ 
cause it has depth, it also limits geometric de¬ 
viations, such as taper and angular inclination 
to the surface of the work, Fig. 298. 

2. It corresponds to the normal distribution of 
errors. 

3. It simplifies the tolerancing of complicated parts 
and the assignment of different tolerances to a 
number of locations on the same part. 

4. It is compatible with the coordinate measuring 
system, and therefore direcdy adaptable to 
inspection by machines such as the Jig Borer 
and the Jig Grinder. 

It is therefore proposed that in principle, 
tolerances of location be expressed as shown 
in Fig. 297; or if not so written, at least so 
visualized. 

Measuring Machine Inspection — The Moore 
Universal Measuring Machine, Fig. 299, was 
developed in response to a demand for a 
rectilinear inspection device capable of the 


ultimate in accuracy and adaptability in 
meeting virtually any inspection problem. 
This need has been exemplified by the num¬ 
ber of Moore Jig Borer installations made 
solely for inspection purposes. 

While, in the interest of convenience and 
efficiency, Jig Bored and Jig Ground work 
should be inspected while still in the machine, 
the Measuring Machine may be considered 
as a “Supreme Court,” capable of rendering 
final verdict where verification of dimension 
is required to within less than a “tenth” 

Designed in the same general character 
and incorporating the basic principles of the 
Jig Borer and Jig Grinder, the Measuring 
Machine employs, in inspection, the tech¬ 
niques outlined in this chapter. 

In summation, it may be said that the Jig 
Borer and the Jig Grinder have established 
their ability to accurately and efficiently in¬ 
spect any work which has been produced by 
them, as well as a wide range of work which 
has not. Where their capacity is taxed produc¬ 
tively, inspection of work in the latter cate¬ 
gory may be more logically routed to the 
Measuring Machine, which serves as a final 
authority of accuracy. 
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ness of the significant advantages of efficiently But even though the latch might be cons id- 
dtiainmg a high degree of locational accuracy, cm) the heart of the rnechani^n, until 
AitematnVTy • fim turntable smaller tool ccmly the 1-T-E Circuit Breaker Cfomprmy 
shops, having imdificiem work to fully utilize was compelled to grind separately the several 
the capacUy pf ii jig Borer or jig Grinder, related surfaces and a radius, arid to. do sohtc 
keep the L>y hand Work on the pans, Thun, While each 

taking iri a limited amount of outside work, circuit breaker functioned properly \vlien u 
In this way the machine may be made h> left the factory: iiumjiajige&hle latches W||| 
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■a lOO^ritGd>op<:! \vhv-d, .^uriiicc iiAi^h air under high pressure; 

4-to (> mb:rodnches-*» ; obtained onb wheH The first pair of caps'.were machined .auu- 
wear -fa Fig* :303v .TTui• surifoefoe : .pfete from aluminum bar stock ;bfv:*t : heo;|fg 

quality much improves the. smoothness with Borer, inciu.dmg .*<11 milling,- drilling, upping, 
which the laich ..'from 1 the detent tor&^ and counter- 

meelwmbmr of .tin- eVrenh breaker.. boring. Due to die comphxir. oi circuitry, 

holes wm: required to imcrseetot avoid each 
Jl© SORER tiTIMZATION other by.Very dose margins. In some instances 

the two ahuninuni mamMd b-caps, Fig. the tendency d£ deqt-drdled Holes jq Wander 
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$Js§4 a$ machine parts ih a :HyciTOfj^^f^iraa.tFc'• Vyhith controlled imerchangeal>ilit.y with 
ij ( . tiicv ffcj^inre a high degree of g.eomet- limine lots were ana (heard, 
rico locational and dimensional accuracy- in Hon ing been proved by installation on the 
almost ox cry derail of. their-intricate urn-mai prototype machine; it became • necessary ..to 
roofs gyration Ihe numerous holes., bores, start production of these parts inimexiiately. 
undercuts arid intersections m several -planes’ Since tooling would nut be m ailabk* in (irue, 
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throughout this typical job. From design 
side rations' to use in product \m :i airy vitally 
iiupMrUnft. Summari/rttion reveals; 

1, Thy first piece hffach part vv&s produced la a* 
fra Chon of the time and at a much lower cost,, 
but to 
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t o n nid e 
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machine operators 
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Fig. 306, to provide for future drilling, tap- 
ping, reaming and counter boring of (hose 
holes which did not require a high deem* hi 
JncatjronaJ accuracy?: 

Aiiticipauitg the drill press operators prob¬ 
lem in. following the’ necc.ssanly cfonpH^U^d 
parts drawings, and as- insurance against pos- 
$iblg wot k spotiage, the ideh of the tnmspfireru 
I jjaspe nwlefo Fig, T.fty, was conceived. Prd- 
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first alwmmud par is, thesr models have 
proved vaiuatfleas *ijr mrfoj guide for gach 
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F>>;. - Afift ftnisfijtQring hvn boss holes In a total tolerance of XWXV'.. 
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PRODUCTION JIG BORING 
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A second rough-boring operation in the 
two holes in now performed. For this opera¬ 
tion, the boring tool previously used is em¬ 
ployed at a spindle speed of 2,000 rpm, with 
a feed of .003". The finish-boring of these 
holes is done with a carbide boring bit, held 
in a 1J4" micro-setting bar. A feed of .015" 
and a spindle speed of 2,000 rpm are used. 
The holes are then checked for size, as illus¬ 
trated in Fig. 309. 

After checking, a 1 x /i sweep tool is used 
at a spindle speed of 800 rpm for roughing 
and finishing the 30° bevel at the bottom of 
one boss. The bottom face of the other boss 
is roughed and finished in the next operation 
with the same tool and spindle speed. Then, 
using an “outfeed” chuck, a spindle speed of 
800 rpm and a feed of .0025" per revolution, 
the two top surfaces of the bosses are finish¬ 
faced. 

The final operation consists of roughing 
and finishing the shoulder of one of the 
bosses to between 1.995" and 2" in diameter. 
A 2" chuck is used in this operation at a 
spindle speed of 400 rpm. Including 4.5 hours 
for making the fixture, 6.5 hours for setup 
time and 22 minutes apiece for 100 parts, 
this production run was accomplished in 47.6 
hours. Examples of completed parts are 
shown in Fig. 310. 

In machining the aluminum supporting 
arms, the tools are changed to finish each 
part completely before the next one is 
handled. However, it is often desirable to per¬ 
form certain operations on every piece in a 
run and set the work up again for subsequent 
operations. This may be advantageous where 
there are thin sections between machined 
surfaces on the parts, so that heat can be dis¬ 
sipated by rough-machining the complete lot 
before finish-machining. Generally, the de¬ 
sign of the part determines the procedure. 

The Diesel injection pump casting shown in 
Fig. 311 represents a typical example of the 
work a contract Jig Boring facility can perform 
to advantage for a large manufacturer. The 
pilot lot of eight of these aluminum castings was 
produced complete on the Moore Jig Borer. 


In this way it was possible to quickly, inex¬ 
pensively and accurately check out the de¬ 
sign, pattern and performance before going 
into production tooling. 

After rough milling, the castings were stress- 
relieved and all surfaces were squared and 
finished on the Jig Borer by fly cutting. All 
holes were finished by boring to size. Tapping 
was also done in the same machine to insure 
squareness. 

AIRCRAFT ENGINE GAGE 

The gage for aircraft engine components 
shown in Fig. 312 represents a type of work- 
piece which might not, at first thought, be 
considered ideally suited to Jig Grinding. 
Further consideration, however, will reveal 
that this is virtually the only efficient and 
accurate method of establishing the location 
and size of the radial slots and related con¬ 
struction holes, Fig. 313. 

Three gages comprising 10, 12 and 16 slots 
each were produced by the vendor for a large 
aircraft engine manufacturer. The contract 
was let on the basis that the job be done on 
a Moore Jig Grinder and a Moore Model No. 
2 Rotary Table as an insurance of accuracy. 

Significant factors controlling the accuracy 
of this gage are as follows: 

1. All slots to be within .0002 " of nominal size 
and alike. 

2. Angular location of slots to be within .0002", 
total accumulated error. 

3. The holes, centrally located in the slots, to be 
within .0001 " of location. 

4. Concentricity to be held to .0002" T.I.R. As 
produced, all gages came well within these 
tolerances. 

The slots were Jig Ground by the wipe 
grinding technique (see page 145), index 
spacing being controlled by the inherent an¬ 
gular accuracy of the rotary table, without 
recourse to its calibration chart. The related 
holes in the bottom of each slot were Jig 
Ground to coordinate location. 

At this point one might well reflect on the 
overall benefits to be derived from full im¬ 
plementation of the philosophy of “working 
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to figures instead of to fit” through the use of 
available engineered locating equipment. In 
the preceding chapters, each type of equip¬ 
ment has been discussed more or less inde¬ 
pendently, although the cumulative effect of 
the partner relationship is more realistically 
represented by the product rather than the 
sum of their individual advantages. Each 
complements and increases the value of the 
other, and together provide a unit facility for 
the precise location, machining and inspection 
of all holes, contours and surfaces. Thus there 
is no need for compromise with efficiency, no 
slipshod phase of the work to detract from the 
overall accuracy of the complete job. Since 
a chain is no stronger than its weakest link, 
it is important that one locating operation be 
no less efficient or accurate than another. 


The intended purpose of this book has been 
threefold: 

1. To outline the principles of Jig Boring, Jig 
Grinding, Contour Grinding, Form Grinding 
and Inspection. 

2. To discuss sound practices for the above 
operations. 

3. To develop the logic of the theory of inter¬ 
changeability in working to figures instead of 
to fit —in toolmaking as well as on the produc¬ 
tion line —through the use of engineered 
locating equipment. 

The best yardstick which may be used to 
gage the attainment of this multiple goal is the 
degree of help it may have provided for those 
who are confronted with the competitive 
problem of seeking greater accuracy and effi¬ 
ciency in the location of holes, contours and 
surfaces. 
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Holes on circles may be laid out either in 
polar coordinates (angle and distance) or in 
rectangular coordinates. Polar coordinates, 
used with the rotary table, are undoubtedly 
the more convenient, and the easier to cal¬ 
culate. Rectangular coordinates, however, are 
inherently more accurate, due to the slight 
additional inaccuracies introduced by the 
rotary table principle (see page 77). 

Calculating the coordinates in either case 
is no small job, especially when the number of 
holes is large. 

Figuring the angles alone is a tedious, time- 
consuming operation, Fig. 314. 

When calculating rectangular coordinates, 
figuring the angles is only part of the job. After 
the angle and distances are known, the dis¬ 
tances from the center must be multiplied by 
the cosines and sines of the angles to reduce 
them to rectangular distances, which must be 
either added to or subtractedfrom the coordinates 
of the center of the circle to find the rectan¬ 
gular coordinates of each hole, Fig. 315. 

W. J. Woodworth, of Mineola, Long Island, 
N. Y., a toolmaker, tool designer and tool 
supervisor of 48 years’ experience, recognized 
the difficulties in these calculations. With 
his son, J. D. Woodworth, he set about 
developing tables to enable Jig Borer oper¬ 
ators to obtain the correct figures with the 
least effort. 


The cost-saving features of these tables have 
been thoroughly demonstrated over a period 
of ten years prior to publication in this book. 
Richard F. Moore, president of The Moore 
Special Tool Company, states: “It would be 
difficult to evaluate in dollars the substantial 
savings which have resulted from use of the 
Woodworth Tables in our toolroom. To say 
that they save their cost on a single job is a 
gross understatement.” 

Application of these tables to polar co¬ 
ordinates is obvious. The angle from zero to 
any hole, read directly from the tables, to¬ 
gether with the radius of the circle, establishes 
the location of the hole. 

Calculation of rectangular coordinates, even 
with the Woodworth Tables, is necessarily 
somewhat more complex than for polar co¬ 
ordinates, since it involves multiplication of 
the diameter of the circle by a tabulated 
factor. The diameter being a constant through¬ 
out the calculation for any specific circle, the 
work is very conveniently done in a calculat¬ 
ing machine. 

A comparison between Figs. 315 and 316, 
however, reveals that the use of this table 
results in an enormous saving of time, with 
less possibilities for error. 

Use of the Woodworth Tables in calculation 
of rectangular coordinates is best explained 
by example, Figs. 317 to 320. 
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Fig. 314 — Steps required to calculate angular position 
of holes on circle. To prevent cumulative error each small 
fraction of angle must be added every time. 


First, rectangular coordinates of dimen¬ 
sioned holes and center of divided circle are 
determined, Fig. 318. 

Next, the coordinates are calculated for the 
left-hand and upper tangents of the divided circle 
by subtracting the radius of the circle from the 
coordinates of the center. Fig. 319. 

Next, look in the 11-hole table for the A and 
B factors for each hole. Multiply these factors 
by the diameter of the circle of holes, and add 
their products respectively to the coordinates 
of the left-hand and upper tangents. Place 
these figures on the drawing as shown at hole 


Problem: Calculating rectangular coordi¬ 
nates of holes on circle without Woodworth 

Tables: 

1. Determine coordinate location, in both 
[ directions, of center of circle. 

2. Compute angle of each circular division 
as in figuring polar coordinates. 

3. Determine quadrant in which each angle 
is located. 

4. Find relation of each angle to horizontal 
line, by subtracting from 90°, 180°, 270°, 
or 360°, or vice versa. 

5. Multiply cosine of angle by radius of 
circle. 

6. Add or subtract result to or from co¬ 
ordinate of center of circle. 

7. Multiply sine of angle by radius of circle. 

8. Add or subtract result to or from co¬ 
ordinate of center of circle. 


Fig. 375 — Steps in calculating rectangular coordinates 
of holes on circle without Woodworth Tables . 

No. 8, Fig. 320. These figures represent the 
rectangular coordinates for hole No. 8. 

Note that the dimensions in the tables are 
shown from the left-hand and upper tangents 
of circles. Adding is more convenient for most 
people than subtraction. 


Steps in figuring rectangular coordinates 
with Woodworth Tables: 

1. Determine coordinates of “A” and “B” 
lines (tangent to circle). 

2. Multiply “A” factor by diameter of circle. 

3. Add result to coordinate of “A” line. 

4. Multiply U B” factor by diameter of circle. 

5. Add result to coordinate of U B” line. 

Fig. 316 — Woodworth Tables eliminate work shown in 
Fig. 314. Also steps 2, 3, 4 , of Fig. 315 , which represents 
about three-quarters of the necessary calculation time , with 
a proportionate insurance against errors in calculations. 
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INSTRUCTIONS FOR USING WOODWORTH CIRCULAR TABLES 



Fig. 317 — Conventionally dimensioned drawing. 


It is necessary, of course, to keep the an¬ 
gular orientation of the divided circle in mind. 
Hole No. 1 must be the first hole counter¬ 
clockwise from the vertical center line. 



Fig. 318 — Coordinates established for dimensioned holes 
and center of divided circle . 



Fig. 319—Coordinates established for left-hand and 
upper tangents of divided circle. 



Fig. 320 — The procedure , as here illustrated for hole 
No. 8 , is followed for all remaining holes on the circle . 
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LEFT /T\ TANGENT 


COORDINATE FACTORS AND ANGLES —4 HOLE DIVISION 


4 



2 



FACTOR 

FOR “A" 

FACTOR 

FOR “B” 

* 


ANGLE OF HOLE 

DEG. MIN. SEC 

1 

.000000 

1 

.500000 

1 

90 

0 

0 

2 

.500000 

2 

1.000000 

2 

180 

0 

0 

3 

1.000000 

3 

.500000 

3 

270 

0 

0 

4 

.500000 

4 

.000000 

4 

360 

0 
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5 




FACTOR 

FOR "A" 

FACTOR 

FOR “B" 



ANGLE OF HOLE 

DEG. 

MIN. 

SEC. 

1 

.024472 

1 

.345492 

1 

72 

0 

0 

2 

.206107 

2 

.904508 

2 

144 

0 

0 

3 

.793893 

3 

.904508 

3 

216 

0 

0 

4 

.975528 

4 

.345492 

4 

288 

0 

0 

5 

.500000 

5 

.000000 

5 

360 

0 
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COORDINATE FACTORS AND ANGLES —6 HOLE DIVISION 


6 



3 


■» 

FACTOR 

FOR "A” 

FACTOR 

FOR 4 i B” 

f 


ANGLE OF HOLE 

DEG. MIN. SEC 

1 

.066987 

1 

.250000 

1 

60 

0 

0 

2 

.066987 

2 

.750000 

2 

120 

0 

0 

3 

.500000 

3 

1.000000 

3 

180 

0 

0 

4 

.933013 

4 

.750000 

4 

240 

0 

0 

5 

.933013 

5 

.250000 

5 

300 

0 

0 

6 

.500000 

6 

.000000 

6 

360 

0 

0 
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7 




FACTOR 

FOR “A" 

FACTOR 

FOR "B" 

f 


ANGLE OF 

DEG. MIN. 

HOLE 

SEC. 

1 

.109084 

1 

.188255 

1 

51 

25 

42-6/7 

2 

.012536 

2 

.611261 

2 

102 

51 

25-5/7 

3 

.283058 

3 

.950484 

3 

154 

17 

8-4/7 

4 

.716942 

4 

.950484 

4 

205 

42 

51-3/7 

5 

.987464 

5 

.611261 

5 

257 

8 

34-2/7 

6 

.890916 

6 

.188255 

6 

308 

34 

17-1/7 

7 

.500000 

7 

.000000 

7 

360 

0 

0 
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COORDINATE FACTORS AND ANGLES —8 HOLE DIVISION 


A = DX factor 


TANGENT 


FACTOR 



FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR “A” 

FOR “B” 

¥ 


DEG. 

MIN. 

SEC 

1 

.146447 

1 

.146447 

1 

45 

0 

0 

2 

.000000 

2 

.500000 

2 

90 

0 

0 

3 

.146447 

3 

.853553 

3 

135 

0 

0 

4 

.500000 

4 

1.000000 

4 

180 

0 

0 

5 

.853553 

5 

.853553 

5 

225 

0 

0 

6 

1.000000 

6 

.500000 

6 

270 

0 

0 

7 

.853553 

7 

.146447 

7 

315 

0 

0 

8 

.500000 

8 

.000000 

8 

360 

0 

0 
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COORDINATE FACTORS AND ANGLES—10 HOLE DIVISION 


10 



5 


ft* 

FACTOR 

FOR “A” 

FACTOR 

FOR "B" 



ANGLE OF HOLE 

DEG. MIN. SEC. 

1 

.206107 

1 

.095492 

1 

36 

0 

0 

2 

.024472 

2 

.345492 

2 

72 

0 

0 

3 

.024472 

3 

.654508 

3 

108 

0 

0 

4 

.206107 

4 

.904508 

4 

144 

0 

0 

5 

.500000 

5 

1.000000 

5 

180 

0 

0 

6 

.793893 

6 

.904508 

6 

216 

0 

0 

7 

.975528 

7 

.654508 

7 

252 

0 

0 

8 

.975528 

8 

.345492 

8 

288 

0 

0 

9 

.793893 

9 

.095492 

9 

324 

0 

0 

10 

.500000 

10 

.000000 

10 

360 

0 

0 
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FACTOR FACTOR A HOLE OF HOLE 



FOR “A” 

FOR "B” 



DEO. 

MIN. 

SEC. 

1 

.229680 

1 

.079373 

1 

32 

43 

38- 2/11 

2 

.045184 

2 

.292293 

2 

65 

27 

16- 4/11 

3 

.005089 

3 

.571157 

3 

98 

10 

54- 6/11 

4 

.122125 

4 

.827430 

4 

130 

54 

32- 8/11 

5 

.359134 

5 

.979746 

5 

163 

38 

10-10/11 

6 

.640866 

6 

.979746 

6 

196 

21 

49- 1/11 

7 

.877875 

7 

.827430 

7 

229 

5 

27- 3/11 

8 

.994911 

8 

.571157 

8 

261 

49 

5- 5/11 

9 

.954816 

9 

.292293 

9 

294 

32 

43- 7/11 

10 

.770320 

10 

.079373 

10 

327 

16 

21- 9/11 

11 

.500000 

11 

.000000 

11 

360 

0 

0 
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12 



6 



FACTOR 

FOR “A” 

FACTOR 

FOR M B” 

* 


ANGLE OF HOLE 

DEG. MIN. SEC. 

1 

.250000 

1 

.066987 

1 

30 

0 

0 

2 

.066987 

2 

.250000 

2 

60 

0 

0 

3 

.000000 

3 

.500000 

3 

90 

0 

0 

4 

.066987 

4 

.750000 

4 

120 

0 

0 

5 

.250000 

5 

.933013 

5 

150 

0 

0 

6 

.500000 

6 

1.000000 

6 

180 

0 

0 

7 

.750000 

7 

.933013 

7 

210 

0 

0 

8 

.933013 

8 

.750000 

8 

240 

0 

0 

9 

1.000000 

9 

.500000 

9 

270 

0 

0 

10 

.933013 

10 

.250000 

10 

300 

0 

0 

11 

.750000 

11 

.066987 

11 

330 

0 

0 

12 

.500000 

12 

.000000 

12 

360 

0 
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FOR “A” 


FOR M B” 


.267638 

1 

.088508 

2 

.003646 

3 

.032492 

4 

.168439 

5 

.380342 

6 

.619658 

7 

.831561 

8 

.967508 

9 

.996354 

10 

.911492 

11 

.732362 

12 

.500000 

13 


Google 


INATE FACTORS AND ANGLES 










COORDINATE FACTORS AND ANGLES—14 HOLE DIVISION 


14 



7 


FACTOR FACTOR AWOli OF HOLE 



FOR "A" 

FOR “B” 

♦ 


DEO. 

MIN. 

SEC. 

1 

.283058 

1 

.049516 

1 

25 

42 

51- 6/14 

2 

.109084 

2 

.188255 

2 

51 

25 

42-12/14 

3 

.012536 

3 

.388740 

3 

77 

8 

34- 4/14 

4 

.012536 

4 

.611261 

4 

102 

51 

25-10/14 

5 

.109084 

5 

.811745 

5 

128 

34 

17- 2/14 

6 

.283058 

6 

.950484 

6 

154 

17 

8- 8/14 

7 

.500000 

7 

1.000000 

7 

180 

00 

00000000 

8 

.716942 

8 

.950484 

8 

205 

42 

51- 6/14 

9 

.890916 

9 

.811745 

9 

231 

25 

42-12/14 

10 

.987464 

10 

.611261 

10 

257 

8 

34- 4/14 

11 

.987464 

11 

.388740 

11 

282 

51 

25-10/14 

12 

.890916 

12 

.188255 

12 

308 

34 

17- 2/14 

13 

.716942 

13 

.049516 

13 

334 

17 

8- 8/14 

14 

.500000 

14 

.000000 

14 

360 

0 

0 
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TANGENT 
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15 

?_,_ eh _ _ 14 TANGENT 


B=Dx factor 


A = DxFACTOR 


A 




.296632 

1 

.043227 

1 

24 

.128428 

2 

.165435 

2 

48 

.024472 

3 

.345492 

3 

72 

.002739 

4 

.552264 

4 

96 

.066987 

5 

.750000 

5 

120 

.206107 

6 

.904509 

6 

144 

.396044 

7 

.989074 

7 

168 

.603956 

8 

.989074 

8 

192 

.793893 

9 

.904509 

9 

216 

.933013 

10 

.750000 

10 

240 
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COORDINATE FACTORS AND ANGLES—15 HOLE DIVISION 


FACTOR FACTOR AHOIE OF HOLE 



FOR “A” 

FOR "B” 

♦ 


DEO. 

MIN. 

SEC. 

11 

.997261 

11 

.552264 

11 

264 

0 

0 

12 

.975528 

12 

.345492 

12 

288 

0 

0 

13 

.871572 

13 

.165435 

13 

312 

0 

0 

14 

.703368 

14 

.043227 

14 

336 

0 

0 

15 

.500000 

15 

.000000 

15 

360 

0 
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A=Dx FACTOR 



15 TANGENT 


B = Dx FACTOR 





FACTOR 

FACTOR 




ANGLE OF 

HOLE 


FOR “A" 

FOR M B" 

♦ 



DEG. 

MIN. 

SE< 

1 

.308658 

1 

.038060 


1 

22 

30 

0 

2 

.146447 

2 

.146447 


2 

45 

00 

0 

3 

.038060 

3 

.308658 


3 

67 

30 

0 

4 

.000000 

4 

.500000 


4 

90 

00 

0 

5 

.038060 

5 

.691342 


5 

112 

30 

0 

6 

.146447 

6 

.853553 


6 

135 

00 

0 

7 

.308658 

7 

.961940 


7 

157 

30 

0 

8 

.500000 

8 

1.000000 


8 

180 

00 

0 

9 

.691342 

9 

.961940 


9 

202 

30 

0 

10 

.853553 

10 

.853553 


10 

225 

00 

0 
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COORDINATE FACTORS AND ANGLES—16 HOLE DIVISION 



FACTOR 

FOR M A” 

FACTOR 

FOR "B” 

♦ 


ANGLE OF HOLE 

DEO. MIN. SEC. 

11 

.961940 

11 

.691342 

11 

247 

30 

0 

12 

1.000000 

12 

.500000 

12 

270 

00 

0 

13 

.961940 

13 

.308658 

13 

292 

30 

0 

14 

.853553 

14 

.146447 

14 

315 

00 

0 

15 

.691342 

15 

.038060 

15 

337 

30 

0 

16 

.500000 

16 

.000000 

16 

360 

0 
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UPPER 



16 TANGENT 


B-Dx FACTOR 


A-Dx FACTOR 



FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR “A” 

FOR 4 *B" 

* 


DEG. 

MIN. 

SEC. 

1 

.319379 

1 

.033764 

1 

21 

10 

35- 5/17 

2 

.163152 

2 

.130496 

2 

42 

21 

10-10/17 

3 

.052418 

3 

.277131 

3 

63 

31 

45-15/17 

4 

.002133 

4 

.453866 

4 

84 

42 

21- 3/17 

5 

.019087 

5 

.636832 

5 

105 

52 

56- 8/17 

6 

.100991 

6 

.801317 

6 

127 

3 

31-13/17 

7 

.236784 

7 

.925109 

7 

148 

14 

7- 1/17 

8 

.408125 

8 

.991487 

8 

169 

24 

42- 6/17 

9 

.591875 

9 

.991487 

9 

190 

35 

17-11/17 

10 

.763216 

10 

.925109 

10 

211 

45 

52-16/17 
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COORDINATE FACTORS AND ANGLES—17 HOLE DIVISION 



FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR “A" 

FOR “B” 

♦ 


DEG. 

MIN. 

SEC. 

It 

.899009 

11 

.801317 

11 

232 

56 

28- 4/17 

12 

.980913 

12 

.636832 

12 

254 

7 

3- 9/17 

13 

.997867 

13 

.453866 

13 

275 

17 

38-14/17 

14 

.947582 

14 

.277131 

14 

296 

28 

14- 2/17 

15 

.836848 

15 

.130496 

15 

317 

38 

49- 7/17 

16 

.680621 

16 

.033764 

16 

338 

49 

24-12/17 

17 

.500000 

17 

.000000 

17 

360 

0 
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A=DxFACTOR 


lEJgwagH 


B-DX factor 


m 


m 



FOR •‘A” 

FOR 

“B” f 


DE< 

1 

.328990 

1 

.030154 

1 

2 ( 

2 

.178606 

2 

.116978 

2 

4 ( 

3 

.066987 

3 

.250000 

3 

6 ( 

4 

.007596 

4 

.413176 

4 

8 ( 

5 

.007596 

5 

.586824 

5 

10 ( 

6 

.066987 

6 

.750000 

6 

12 ( 

7 

.178606 

7 

.883022 

7 

14 ( 

8 

.328990 

8 

.969846 

8 

16 ( 

9 

.500000 

9 

1.000000 

9 

18 ( 

0 

.671010 

10 

.969846 

10 

20 ( 
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FACTOR 

FOR “A” 

FACTOR 

FOR "B” 

f 


ANGLE OF HOLE 

DEG. MIN. SEC. 

11 

.821394 

11 

.883022 

11 

220 

0 

0 

12 

.933013 

12 

.750000 

12 

240 

0 

0 

13 

.992404 

13 

.586824 

13 

260 

0 

0 

14 

.992404 

14 

.413176 

14 

280 

0 

0 

15 

.933013 

15 

.250000 

15 

300 

0 

0 

16 

.821394 

16 

.116978 

16 

320 

0 

0 

17 

.671010 

17 

.030154 

17 

340 

0 

0 

18 

.500000 

18 

.000000 

18 

360 

0 
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9 

10 






FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR “A” 

FOR “B" 

f 


DEG. 

MIN. 

SEC 

1 

.337650 

1 

.027091 

1 

18 

56 

50 - 10/19 

2 

.192894 

2 

.105430 

2 

37 

53 

41 - 1/19 

3 

.081417 

3 

.226526 

3 

56 

50 

31 - 11/19 

4 

.015300 

4 

.377257 

4 

75 

47 

22 - 2/19 

5 

.001708 

5 

.541290 

5 

94 

44 

12 - 12/19 

6 

.042113 

6 

.700848 

6 

113 

41 

3 - 3/19 

7 

.132138 

7 

.838641 

7 

132 

37 

53 - 13/19 

8 

.262026 

8 

.939737 

8 

151 

34 

44 - 4/19 

9 

.417703 

9 

.993181 

9 

170 

31 

34 - 14/19 

10 

.582297 

10 

.993181 

10 

189 

28 

25 - 5/19 
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FACTOR 

FOR "A” 

FACTOR 

FOR “B" 

* 


ANGLE OF HOLE 

DEG. MIN. SEC 

11 

.737974 

11 

.939737 

11 

208 

25 

15 - 15/19 

12 

.867862 

12 

.838641 

12 

227 

22 

6 - 6/19 

13 

.957887 

13 

.700848 

13 

246 

18 

56 - 16/19 

14 

.998292 

14 

.541290 

14 

265 

15 

47 - 7/19 

15 

.984700 

15 

.377257 

15 

284 

12 

37 - 17/19 

16 

.918583 

16 

.226526 

16 

303 

9 

28 - 8/19 

17 

.807106 

17 

.105430 

17 

322 

6 

18 - 18/19 

18 

.662350 

18 

.027091 

18 

341 

3 

9 - 9/19 

19 

.500000 

19 

.000000 

19 

360 

0 
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FOR “B” f DEO. 


92 

1 

.024472 

1 

18 

07 

2 

.095492 

2 

36 

92 

3 

.206107 

3 

54 

72 

4 

.345492 

4 

72 

00 

5 

.500000 

5 

90 

72 

6 

.654508 

6 

108 

92 

7 

.793893 

7 

126 

07 

8 

.904508 

8 

144 

92 

9 

.975528 

9 

162 

00 

10 

1.000000 

10 

180 
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— 20 

HOLE 

Dl VIS 

ION 


FACTOR 

FACTOR 



ANGLE OF HOLE 


FOR “A” 

FOR “B" 

♦ 


DEG. 

MIN. 

SEC. 

11 

.654508 

11 

.975528 

11 

198 

0 

0 

12 

.793893 

12 

.904508 

12 

216 

0 

0 

13 

.904508 

13 

.793893 

13 

234 

0 

0 

14 

.975528 

14 

.654508 

14 

252 

0 

0 

15 

1.000000 

15 

. 500000 

15 

270 

0 

0 

16 

.975528 

16 

.345492 

16 

288 

0 

0 

17 

.904508 

17 

.206107 

17 

306 

0 

0 

18 

.793893 

18 

.095492 

18 

324 

0 

0 

19 

.654508 

19 

.024472 

19 

342 

0 

0 

20 

.500000 

20 

.000000 

20 

360 

0 

0 
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21 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 


21 




FACTOR 

FOR • , A” 

FACTOR 

FOR M B” 

♦ 


ANGLE OF 

DEG. MIN. 

HOLE 

SEC. 

1 

.352622 

1 

.022214 

1 

17 

8 

34 - 6/21 

2 

.218340 

2 

.086881 

2 

34 

17 

8 - 12/21 

3 

.109084 

3 

.188255 

3 

51 

25 

42 - 18/21 

4 

.034563 

4 

.317329 

4 

68 

34 

17 - 3/21 

5 

.001398 

5 

.462635 

5 

85 

42 

51 - 9/21 

6 

.012536 

6 

.611260 

6 

102 

51 

25 - 15/21 

7 

.066987 

7 

.750000 

7 

120 

00 

00000000 

8 

.159914 

8 

.866526 

8 

137 

8 

34 - 6/21 

9 

.283058 

9 

.950484 

9 

154 

17 

8 - 12/21 

10 

.425479 

10 

.994415 

10 

171 

25 

42 - 18/21 
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COORDI 

NATE FACTORS AND ANGLES 

— 2 1 

HOLE 

DIVISION 


FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR “A” 

FOR “B” 

4 


DEG. 

MIN. 

SEC 

11 

.574521 

11 

.994415 

11 

188 

34 

17 - 3/21 

12 

.716942 

12 

.950484 

12 

205 

42 

51 - 9/21 

13 

.840086 

13 

.866526 

13 

222 

51 

25 - 15/21 

14 

.933013 

14 

.750000 

14 

240 

00 

00000000 

15 

.987464 

15 

.611260 

15 

257 

8 

34 - 6/21 

16 

.998602 

16 

.462635 

16 

274 

17 

8 - 12/21 

17 

.965437 

17 

.317329 

17 

291 

25 

42 - 18/21 

18 

.890916 

18 

.188255 

18 

308 

34 

17 - 3/21 

19 

.781660 

19 

.086881 

19 

325 

42 

51 - 9/21 

20 

.647378 

20 

.022214 

20 

342 

51 

25 - 15/21 

21 

.500000 

21 

.000000 

21 

360 

0 

0 
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COORDINATE FACTORS AND ANGLES —22 HOLE DIVISION 



FACTOR 

FOR “A” 

FACTOR 

FOR “B” 

♦ 


ANGLE OF 

DEG. MIN. 

HOLE 

SEC. 

11 

.500000 

11 

1.000000 

11 

180 

00 

00000000 

12 

.640866 

12 

.979746 

12 

196 

21 

49 - 2/22 

13 

.770320 

13 

.920627 

13 

212 

43 

38 - 4/22 

14 

.877875 

14 

.827430 

14 

229 

5 

27 - 6/22 

15 

.954816 

15 

.707708 

15 

245 

27 

16 - 8/22 

16 

.994911 

16 

.571157 

16 

261 

49 

5 - 10/22 

17 

.994911 

17 

.428843 

17 

278 

10 

54 - 12/22 

18 

.954816 

18 

.292293 

18 

294 

32 

43 - 14/22 

19 

.877875 

19 

.172570 

19 

310 

54 

32 - 16/22 

20 

.770320 

20 

.079373 

20 

327 

16 

21 - 18/22 

21 

.640866 

21 

.020254 

21 

343 

38 

10 - 20/22 

22 

.500000 

22 

.000000 

22 

360 

0 
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TANGENT 


B=Dx FACTOR 


365102 

1 

.018541 

1 

15 

39 

7 - 19/23 

240208 

2 

.072790 

2 

31 

18 

15 - 15/23 

134582 

3 

.158723 

3 

46 

57 

23 - 11/23 

056057 

4 

.269967 

4 

62 

36 

31 - 7/23 

010458 

5 

.398272 

5 

78 

15 

39 - 3/23 

001166 

6 

.534121 

6 

93 

54 

46 - 22/23 

028870 

7 

.667440 

7 

109 

33 

54 - 18/23 

091515 

8 

.788340 

8 

125 

13 

2 - 14/23 

184456 

9 

.887856 

9 

140 

52 

10 - 10/23 

300803 

10 

.958606 

10 

156 

31 

18 - 6/23 
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COORDINATE FACTORS AND ANGLES —23 HOLE DIVISION 


FACTO* FACTO* ANOiC OF HOtE 



FOR “A” 

FOR M B” 

* 


DEO. 

MIN. 

SEC 

11 

.431917 

11 

.995343 

11 

172 

10 

26 - 2/23 

12 

.568083 

12 

.995343 

12 

187 

49 

33 - 21/23 

13 

.699197 

13 

.958606 

13 

203 

28 

41 - 17/23 

14 

.815544 

14 

.887856 

14 

219 

7 

49 - 13/23 

15 

.908485 

15 

.788340 

15 

234 

46 

57 - 9/23 

16 

.971130 

16 

.667440 

16 

250 

26 

5 - 5/23 

17 

.998834 

17 

.534121 

17 

266 

5 

13 - 1/23 

18 

.989542 

18 

.398272 

18 

281 

44 

20 - 20/23 

19 

.943943 

19 

.269967 

19 

297 

23 

28 - 16/23 

20 

.865418 

20 

.158723 

20 

313 

2 

36 - 12/23 

21 

.759792 

21 

.072790 

21 

328 

41 

44 - 8/23 

22 

.634898 

22 

.018541 

22 

344 

20 

52 - 4/23 

23 

.500000 

23 

.000000 

23 

360 

0 

0 
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TANGENT 


B'DxFACTOR 


A = DX factor 


[24l 


1 

.370590 

1 

.017037 

1 

15 

2 

.250000 

2 

.066987 

2 

30 

3 

.146447 

3 

.146447 

3 

45 

4 

.066987 

4 

.250000 

4 

60 

5 

.017037 

5 

.370590 

5 

75 

6 

.000000 

6 

.500000 

6 

90 

7 

.017037 

7 

.629410 

7 

105 

8 

.066987 

8 

.750000 

8 

120 

9 

.146447 

9 

.853553 

9 

135 

0 

.250000 

10 

.933013 

10 

150 
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COORDINATE FACTORS AND ANGLES —24 HOLE DIVISION 



FACTOR 

FOR “A" 

FACTOR 

FOR M B” 

♦ 


ANGLE OF HOLE 

DEG. 

MIN. 

SEC 

11 

.370590 

11 

.982963 

11 

165 

0 

0 

12 

.500000 

12 

1.000000 

12 

180 

0 

0 

13 

.629410 

13 

.982963 

13 

195 

0 

0 

14 

.750000 

14 

.933013 

14 

210 

0 

0 

15 

.853553 

15 

.853553 

15 

225 

0 

0 

16 

.933013 

16 

.750000 

16 ‘ 

240 

0 

0 

17 

.982963 

17 

.629410 

17 

255 

0 

0 

18 

1.000000 

18 

.500000 

18 

270 

0 

0 

19 

.982963 

19 

.370590 

19 

285 

0 

0 

20 

.933013 

20 

.250000 

20 

300 

0 

0 

21 

.853553 

21 

.146447 

21 

315 

0 

0 

22 

.750000 

22 

.066987 

22 

330 

0 

0 

23 

.629410 

23 

.017037 

23 

345 

0 

0 

24 

.500000 

24 

.000000 

24 

360 

0 

0 
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TANGENT 


A=Dx FACTOR 


LQl 


m 


75655 

1 

.015708 

1 

14 

24 

59123 

2 

.061847 

2 

28 

48 

57726 

3 

.135516 

3 

43 

12 

77836 

4 

.232087 

4 

57 

36 

24472 

5 

.345492 

5 

72 

00 

00987 

6 

.468605 

6 

86 

24 

08856 

7 

.593691 

7 

100 

48 

47586 

8 

.712890 

8 

115 

12 

14743 

9 

.818712 

9 

129 

36 

06107 

10 

.904508 

10 

144 

00 
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COORDINATE FACTORS AND ANGLES 

— 25 

HOLE 

DIVISION 


FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR "A" 

FOR "B” 



DEG. 

MIN. 

SEC 

11 

.315937 

11 

.964888 

11 

158 

24 

0 

12 

.437333 

12 

.996057 

12 

172 

48 

0 

13 

.562667 

13 

.996057 

13 

187 

12 

0 

14 

.684062 

14 

.964888 

14 

201 

36 

0 

15 

.793893 

15 

.904508 

15 

216 

00 

0 

16 

.885257 

16 

.818712 

16 

230 

24 

0 

17 

.952414 

17 

.712890 

17 

244 

48 

0 

18 

.991144 

18 

.593691 

18 

259 

12 

0 

19 

.999013 

19 

.468605 

19 

273 

36 

0 

20 

.975528 

20 

.345492 

20 

288 

00 

0 

21 

.922164 

21 

.232087 

21 

302 

24 

0 

22 

.842274 

22 

.135516 

22 

316 

48 

0 

23 

.740877 

23 

.061847 

23 

331 

12 

0 

24 

.624345 

24 

.015708 

24 

345 

36 

0 

25 

.500000 

25 

.000000 

25 

360 

0 

0 
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26 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 



FACTOR FACTOR AMPLE OF HOLE 



FOR “A” 

FOR "B” 

* 


DEO. 

MIN. 

SEC 

1 

.380342 

1 

.014529 

1 

13 

50 

46 - 4/26 

2 

.267638 

2 

.057272 

2 

27 

41 

32 - 8/26 

3 

.168439 

3 

.125745 

3 

41 

32 

18 - 12/26 

4 

.088508 

4 

.215968 

4 

55 

23 

4 - 16/26 

5 

.032492 

5 

.322698 

5 

69 

13 

50 - 20/26 

6 

.003646 

6 

.439732 

6 

83 

4 

36 - 24/26 

7 

.003646 

7 

.560268 

7 

96 

55 

23 - 2/26 

8 

.032492 

8 

.677302 

8 

110 

46 

9 - 6/26 

9 

.088508 

9 

.784032 

9 

124 

36 

55 - 10/26 

10 

.168439 

10 

.874255 

10 

138 

27 

41 - 14/26 
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COORDINATE FACTORS AND ANGLES —26 HOLE DIVISION 


FACTOR FACTOR ANOIE OF HOIE 



FOR “A” 

FOR “B” 

♦ 


DEO. 

MIN. 

SEC. 

11 

.267638 

11 

.942728 

11 

152 

18 

27 - 18/26 

12 

.380342 

12 

.985471 

12 

166 

9 

13 - 22/26 

13 

.500000 

13 

1.000000 

13 

180 

00 

00000000 

14 

.619658 

14 

.985471 

14 

193 

50 

46 - 4/26 

15 

.732362 

15 

.942728 

15 

207 

41 

32 - 8/26 

16 

.831561 

16 

.874255 

16 

221 

32 

18 - 12/26 

17 

.911492 

17 

.784032 

17 

235 

23 

4 - 16/26 

18 

.967508 

18 

.677302 

18 

249 

13 

50 - 20/26 

19 

.996354 

19 

.560268 

19 

263 

4 

36 - 24/26 

20 

.996354 

20 

.439732 

20 

276 

55 

23 - 2/26 

21 

.967508 

21 

.322698 

21 

290 

46 

9 - 6/26 

22 

.911492 

22 

.215968 

22 

304 

36 

55 - 10/26 

23 

.831561 

23 

.125745 

23 

318 

27 

41 - 14/26 

24 

.732362 

24 

.057272 

24 

332 

18 

27 - 18/26 

25 

.619658 

25 

.014529 

25 

346 

9 

13 - 22/26 

26 

.500000 

26 

.000000 

26 

360 

0 

0 
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TANGENT 


27 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 


I I IPPPD \ ^ TikirckiT 




^ FACTOR 

FACTOR 



ANGLE OF 

HOLE 



FOR “A” 

FOR ,4 B” 



DEG. 

MIN. 

SE< 


1 

.384692 

1 

.013478 

1 

13 

20 

0 


2 

.275600 

2 

.053184 

2 

26 

40 

0 


3 

.178606 

3 

.116978 

3 

40 

00 

0 


4 

.098938 

4 

.201421 

4 

53 

20 

0 


5 

.040892 

5 

.301960 

5 

66 

40 

0 


6 

.007596 

6 

.413176 

6 

80 

00 

0 


7 

.000846 

7 

.529072 

7 

93 

20 

0 


8 

.021005 

8 

.643402 

8 

106 

40 

0 


9 

.066987 

9 

.750000 

9 

120 

00 

0 


10 

.136313 

10 

.843121 

10 

133 

20 

0 
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COORDI 

NATE FACTORS 

AND ANGLES 

— 27 

HOLE 

DIVISION 


FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR “A” 

FOR 

“B" 

♦ 


DEO. 

MIN. 

SEC. 

11 

.225246 

11 


.917744 

11 

146 

40 

0 

12 

.328990 

12 


.969846 

12 

160 

00 

0 

13 

.441954 

13 


.996619 

13 

173 

20 

0 

14 

.558046 

14 


.996619 

14 

186 

40 

0 

15 

.671010 

15 


.969846 

15 

200 

00 

0 

16 

.774755 

16 


.917744 

16 

213 

20 

0 

17 

.863687 

17 


.843121 

17 

226 

40 

0 

18 

.933013 

18 


.750000 

18 

240 

00 

0 

19 

.978995 

19 


.643402 

19 

253 

20 

0 

20 

.999154 

20 


.529072 

20 

266 

40 

0 

21 

.992404 

21 


.413176 

21 

280 

00 

0 

22 

.959108 

22 


.301960 

22 

293 

20 

0 

23 

.901062 

23 


.201421 

23 

306 

40 

0 

24 

.821394 

24 


.116978 

24 

320 

00 

0 

25 

.724400 

25 


.053184 

25 

333 

20 

0 

26 

.615308 

26 


.013478 

26 

346 

40 

0 

27 

.500000 

27 


.000000 

27 

360 

0 

0 
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28 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 




FACTOR 

FOR “A" 

FACTOR 

FOR “B” 

♦ 


ANGLE OF 

HOLE 

DEG. 

MIN. 

SEC. 

1 

.388740 

1 

.012536 

1 

12 

51 

25 - 20/28 

2 

.283058 

2 

.049516 

2 

25 

42 

51 - 12/28 

3 

.188255 

3 

.109084 

3 

38 

34 

17 - 4/28 

4 

.109084 

4 

.188255 

4 

51 

25 

42 - 24/28 

5 

.049516 

5 

.283058 

5 

64 

17 

8 - 16/28 

6 

.012536 

6 

.388740 

6 

77 

8 

34 - 8/28 

7 

.000000 

7 

.500000 

7 

90 

00 

00000000 

8 

.012536 

8 

.611261 

8 

102 

51 

25 - 20/28 

9 

.049516 

9 

.716942 

9 

115 

42 

51 - 12/28 

10 

.109084 

10 

.811745 

10 

128 

34 

17 - 4/28 
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COORDINATE FACTORS AND ANGLES —28 HOLE DIVISION 


FACTOR FACTOR ANOtE OF HOLE 



FOR “A” 

FOR “B” 

l 


DEG. 

MIN. 

SEC. 

11 

.188255 

11 

.890916 

11 

141 

25 

42 - 24/28 

12 

.283058 

12 

.950484 

12 

154 

17 

8 - 16/28 

13 

.388740 

13 

.987464 

13 

167 

8 

34 - 8/28 

14 

.500000 

14 

1.000000 

14 

180 

00 

00000000 

15 

.611261 

15 

.987464 

15 

192 

51 

25 - 20/28 

16 

.716942 

16 

.950484 

16 

205 

42 

51 - 12/28 

17 

.811745 

17 

.890916 

17 

218 

34 

17 - 4/28 

18 

.890916 

18 

.811745 

18 

231 

25 

42 - 24/28 

19 

.950484 

19 

.716942 

19 

244 

17 

8 - 16/28 

20 

.987464 

20 

.611261 

20 

257 

8 

34 - 8/28 

21 

1.000000 

21 

.500000 

21 

270 

00 

00000000 

22 

.987464 

22 

.388740 

22 

282 

51 

25 - 20/28 

23 

.950484 

23 

.283058 

23 

295 

42 

51 - 12/28 

24 

.890916 

24 

.188255 

24 

308 

34 

17 - 4/28 

25 

.811745 

25 

.109084 

25 

321 

25 

42 - 24/28 

26 

.716942 

26 

.049516 

26 

334 

17 

8 - 16/28 

27 ‘ 

.611261 

27 

.012536 

27 

347 

8 

34 - 8/28 

28 

.500000 

28 

.000000 

28 

360 

0 

0 
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29 HOLE DIVISION — COORDINATE FACTORS AND ANGLES 



FACTOR FACTOR ANOtE OF HOtE 



FOR “A” 

FOR “B" 

♦ 


DEO. 

MIN. 

SEC. 

1 

.392515 

1 

.011689 

1 

12 

24 

49 - 19/29 

2 

.290056 

2 

.046212 

2 

24 

49 

39 - 9/29 

3 

.197413 

3 

.101954 

3 

37 

14 

28 - 28/29 

4 

.118919 

4 

.176305 

4 

49 

39 

18 - 18/29 

5 

.058244 

5 

.265796 

5 

62 

4 

8 - 8/29 

6 

.018225 

6 

.366236 

6 

74 

28 

57 - 27/29 

7 

.000733 

7 

.472931 

7 

86 

53 

47 - 17/29 

8 

.006587 

8 

.580891 

8 

99 

18 

37 - 7/29 

9 

.035512 

9 

.685069 

9 

111 

43 

26 - 26/29 

10 

.086155 

10 

.780594 

10 

124 

8 

16 - 16/29 
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COORDINATE FACTORS AND ANGLES —29 HOLE DIVISION 


FACTOR FACTOR ANGIE OF HOLE 



FOR 14 A” 

FOR 44 B” 

* 


DEO. 

MIN. 

SEC. 

11 

.156150 

11 

.862998 

11 

136 

33 

6 - 6/29 

12 

.242223 

12 

.928429 

12 

148 

57 

55 - 25/29 

13 

.340349 

13 

.973827 

13 

161 

22 

45 - 15/29 

14 

.445941 

14 

.997069 

14 

173 

47 

35 - 5/29 

15 

.554060 

15 

.997069 

15 

186 

12 

24 - 24/29 

16 

.659651 

16 

.973827 

16 

198 

37 

14 - 14/29 

17 

.757777 

17 

.928429 

17 

211 

2 

4 - 4/29 

18 

.843850 

18 

.862998 

18 

223 

26 

53 - 23/29 

19 

.913844 

19 

.780594 

19 

235 

51 

43 - 13/29 

20 

.964488 

20 

.685069 

20 

248 

16 

33 - 3/29 

21 

.993413 

21 

.580891 

21 

260 

41 

22 - 22/29 

22 

.999267 

22 

.472931 

22 

273 

6 

12 - 12/29 

23 

.981775 

23 

.366236 

23 

285 

31 

2 - 2/29 

24 

.941756 

24 

.265796 

24 

297 

55 

51 - 21/29 

25 

.881081 

25 

.176305 

25 

310 

20 

41 - 11/29 

26 

.802587 

26 

.101954 

26 

322 

45 

31 - 1/29 

27 

.709945 

27 

.046212 

27 

335 

10 

20 - 20/29 

28 

.607485 

28 

.011689 

28 

347 

35 

10 - 10/29 

29 

.500000 

29 

.000000 

29 

360 

0 

0 
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TANGENT 


SSSi 


A »Dx FACTOR 


B=DxFACTOR 


A 


m 




.396044 

1 

.010926 

1 

12 

.296632 

2 

.043227 

2 

24 

.206107 

3 

.095492 

3 

36 

.128428 

4 

.165435 

4 

48 

.066987 

5 

.250000 

5 

60 

.024472 

6 

.345492 

6 

72 

.002739 

7 

.447736 

7 

84 

.002739 

8 

.552264 

8 

96 

.024472 

9 

.654509 

9 

108 

.066987 

10 

.750000 

10 

120 

272 
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Original fi 
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COORDINATE FACTORS AND ANGLES —30 HOLE DIVISION 


FACTOR FACTOR ANOtE OF HOIE 

FOR “A" FOR “B" ♦ DEO. MIN. SEC 


11 

.128428 

11 

.834565 

11 

132 

0 

0 

12 

.206107 

12 

.904509 

12 

144 

0 

0 

13 

.296632 

13 

.956773 

13 

156 

0 

0 

14 

.396044 

14 

.989074 

14 

168 

0 

0 

15 

.500000 

15 

1.000000 

15 

180 

0 

0 

16 

.603956 

16 

.989074 

16 

192 

0 

0 

17 

.703368 

17 

.956773 

17 

204 

0 

0 

18 

.793893 

18 

.904509 

18 

216 

0 

0 

19 

.871572 

19 

.834565 

19 

228 

0 

0 

20 

.933013 

20 

.750000 

20 

240 

0 

0 

21 

.975528 

21 

.654509 

21 

252 

0 

0 

22 

.997261 

22 

.552264 

22 

264 

0 

0 

23 

.997261 

23 

.447736 

23 

276 

0 

0 

24 

.975528 

24 

.345492 

24 

288 

0 

0 

25 

.933013 

25 

.250000 

25 

300 

0 

0 

26 

.871572 

26 

.165435 

26 

312 

0 

0 

27 

.793893 

27 

.095492 

27 

324 

0 

0 

28 

.703368 

28 

.043227 

28 

336 

0 

0 

29 

.603956 

29 

.010926 

29 

348 

0 

0 

30 

.500000 

30 

.000000 

30 

360 

0 

0 
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31 HOLE DIVISION —COORDINATE 


UPPER 



A = D* FACTOR 


B=DxFACTOR 


\ 


.399351 

1 

.010235 

1 

11 

36 

46 - 14/3 

.302822 

2 

.040521 

2 

23 

13 

32 - 28 / 3 : 

.214366 

3 

.089618 

3 

34 

50 

19 - 11/3 

.137604 

4 

.155517 

4 

46 

27 

5 - 25/3 

.075678 

5 

.235518 

5 

58 

3 

52 - 8/3 

.031124 

6 

.326347 

6 

69 

40 

38 - 22/3 

.005766 

7 

.424286 

7 

81 

17 

25 - 5/3 

.000642 

8 

.525325 

8 

92 

54 

11 - 19/3 

.015961 

9 

.625326 

9 

104 

30 

58 - 2/3 

.051098 

10 

.720197 

10 

116 

7 

44 - 16/3 


lot .ole 


Original from 
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COORDINATE FACTORS AND ANGLES —31 HOLE DIVISION 


FACTOR FACTOR ANOIE OF HOLE 



FOR "A” 

FOR "B" 

♦ 


DEO. 

MIN. 

SEC. 

11 

.104612 

11 

.806053 

11 

127 

44 

30 - 30/31 

12 

.174314 

12 

.879379 

12 

139 

21 

17 - 13/31 

13 

.257349 

13 

.937173 

13 

150 

58 

3 - 27/31 

14 

.350318 

14 

.977070 

14 

162 

34 

50 - 10/31 

15 

.449416 

15 

.997435 

15 

174 

11 

36 - 24/31 

16 

.550584 

16 

.997435 

16 

185 

48 

23 - 7/31 

17 

.649682 

17 

.977070 

17 

197 

25 

9 - 21/31 

18 

.742651 

18 

.937173 

18 

209 

1 

56 - 4/31 

19 

.825686 

19 

.879379 

19 

220 

38 

42 - 18/31 

20 

.895388 

20 

.806053 

20 

232 

15 

29 - 1/31 

21 

.948902 

21 

.720197 

21 

243 

52 

15 - 15/31 

22 

.984039 

22 

.625326 

22 

255 

29 

1 - 29/31 

23 

.999358 

23 

.525325 

23 

267 

5 

48 - 12/31 

24 

.994234 

24 

.424286 

24 

278 

42 

34 - 26/31 

25 

.968876 

25 

.326347 

25 

290 

19 

21 - 9/31 

26 

.924322 

26 

.235518 

26 

301 

56 

7 - 23/31 

27 

.862396 

27 

.155517 

27 

313 

32 

54 - 6/31 

28 

.785634 

28 

.089618 

28 

325 

9 

40 - 20/31 

29 

.697178 

29 

.040521 

29 

336 

46 

27 - 3/31 

30 

.600649 

30 

.010235 

30 

348 

23 

13 - 17/31 

31 

.500000 

31 

.000000 

31 

360 

0 

0 
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32 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 




FACTOR 

FOR "A” 

FACTOR 

FOR “B” f 


ANGLE OF 

HOLE 

DEG. 

MIN. 

SEC. 

1 

.402455 

1 

.009607 

1 

11 

15 

0 

2 

.308658 

2 

.038060 

2 

22 

30 

0 

3 

.222215 

3 

.084265 

3 

33 

45 

0 

4 

.146447 

4 

.146447 

4 

45 

00 

0 

5 

.084265 

5 

.222215 

5 

56 

15 

0 

6 

.038060 

6 

.308658 

6 

67 

30 

0 

7 

.009607 

7 

.402455 

7 

78 

45 

0 

8 

.000000 

8 

.500000 

8 

90 

00 

0 

9 

.009607 

9 

.597545 

9 

101 

15 

0 

10 

.038060 

10 

.691342 

10 

112 

30 

0 
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COORDINATE FACTORS AND ANGLES —32 HOLE DIVISION 


FACTOR FACTOR ANOIE OF HOLE 



FOR “A" 

FOR “B” 



DEO. 

MIN. 

SEC. 

11 

.084265 

11 

.777785 

11 

123 

45 

0 

12 

.146447 

12 

.853553 

12 

135 

00 

0 

13 

.222215 

13 

.915735 

13 

146 

15 

0 

14 

.308658 

14 

.961940 

14 

157 

30 

0 

15 

.402455 

15 

.990393 

15 

168 

45 

0 

16 

.500000 

16 

1.000000 

16 

180 

00 

0 

17 

.597545 

17 

.990393 

17 

191 

15 

0 

18 

.691342 

18 

.961940 

18 

202 

30 

0 

19 

.777785 

19 

.915735 

19 

213 

45 

0 

20 

.853553 

20 

.853553 

20 

225 

00 

0 

21 

.915735 

21 

.777785 

21 

236 

15 

0 

22 

.961940 

22 

.691342 

22 

247 

30 

0 

23 

.990393 

23 

.597545 

23 

258 

45 

0 

24 

1.000000 

24 

.500000 

24 

270 

00 

0 

25 

.990393 

25 

.402455 

25 

281 

15 

0 

26 

.961940 

26 

.308658 

26 

292 

30 

0 

27 

.915735 

27 

.222215 

27 

303 

45 

0 

28 

.853553 

28 

.146447 

28 

315 

00 

0 

29 

.777785 

29 

.084265 

29 

326 

15 

0 

30 

.691342 

30 

.038060 

30 

337 

30 

0 

31 

.597545 

31 

.009607 

31 

348 

45 

0 

32 

.500000 

32 

.000000 

32 

360 

0 

0 
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1 

10 

54 

32 - 24/33 

2 

21 

49 

5-15 33 

3 

32 

43 

38 - 6 33 

4 

43 

38 

10-30 33 

5 

54 

32 

43 - 21/33 

6 

65 

27 

16-12 33 

7 

76 

21 

49 - 3 33 

8 

87 

16 

21-27 33 

9 

98 

10 

54-18 33 

10 

109 

5 

27 - 9 33 
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COORDINATE FACTORS AND ANGLES —33 HOLE DIVISION 


FACTOR FACTOR ANOtE OF HOIE 



FOR “A” 

FOR “B” 

♦ 


DEG. 

MIN. 

SEC 

11 

.066987 

11 

.750000 

11 

120 

00 

00000000 

12 

.122125 

12 

.827430 

12 

130 

54 

32 - 24/33 

13 

.190921 

13 

.893027 

13 

141 

49 

5 - 15/33 

14 

.270887 

14 

.944418 

14 

152 

43 

38 - 6/33 

15 

.359134 

15 

.979747 

15 

163 

38 

10 - 30/33 

16 

.452472 

16 

.997736 

16 

174 

32 

43 - 21/33 

17 

.547528 

17 

.997736 

17 

185 

27 

16 - 12/33 

18 

.640866 

18 

.979747 

18 

196 

21 

49 - 3/33 

19 

.729113 

19 

.944418 

19 

207 

16 

21 - 27/33 

20 

.809080 

20 

.893027 

20 

218 

10 

54 - 18/33 

21 

.877875 

21 

.827430 

21 

229 

5 

27 - 9/33 

22 

.933013 

22 

.750000 

22 

240 

00 

00000000 

23 

.972500 

23 

.663534 

23 

250 

54 

32 - 24/33 

24 

.994911 

24 

.571157 

24 

261 

49 

5 - 15/33 

25 

.999434 

25 

.476209 

25 

272 

43 

38 - 6/33 

26 

.985906 

26 

.382121 

26 

283 

38 

10 - 30/33 

27 

.954816 

27 

.292293 

27 

294 

32 

43 - 21/33 

28 

.907288 

28 

.209972 

28 

305 

27 

16 - 12/33 

29 

.845040 

29 

.138133 

29 

316 

21 

49 - 3/33 

30 

.770320 

30 

.079373 

30 

327 

16 

21 - 27/33 

31 

.685831 

31 

.035816 

31 

338 

10 

54 - 18/33 

32 

.594626 

32 

.009036 

32 

349 

5 

27 - 9/33 

33 

.500000 

33 

.000000 

33 

360 

0 

0 
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34 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 




FACTOR 

FOR “A" 

FACTOR 

FOR M B" 

♦ 


ANGLE OF 

DEG. MIN. 

HOLE 

SEC 

1 

.408125 

1 

.008514 

1 

10 

35 

17 - 22/34 

2 

.319379 

2 

.033764 

2 

21 

10 

35 - 10/34 

3 

.236784 

3 

.074891 

3 

31 

45 

52 - 32/34 

4 

.163152 

4 

.130496 

4 

42 

21 

10 - 20/34 

5 

.100991 

5 

.198683 

5 

52 

56 

28 - 8/34 

6 

.052418 

6 

.277131 

6 

63 

31 

45 - 30/34 

7 

.019087 

7 

.363169 

7 

74 

7 

3 - 18/34 

8 

.002133 

8 

.453866 

8 

84 

42 

21 - 6/34 

9 

.002133 

9 

.546134 

9 

95 

17 

38 - 28/34 

10 

.019087 

10 

.636832 

10 

105 

52 

56 - 16/34 
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COORDINATE FACTORS AND ANGLES —34 HOLE DIVISION 


FACTOR FACTOR ANOiE OF HOLE 



FOR “A" 

FOR “B" 

* 


DEG. 

MIN. 

SEC. 

11 

.052418 

11 

.722869 

11 

116 

28 

14 - 4/34 

12 

.100991 

12 

.801317 

12 

127 

3 

31 - 26/34 

13 

.163152 

13 

.869504 

13 

137 

38 

49 - 14/34 

14 

.236784 

14 

.925109 

14 

148 

14 

7 - 2/34 

15 

.319379 

15 

.966236 

15 

158 

49 

24 - 24/34 

16 

.408125 

16 

.991487 

16 

169 

24 

42 - 12/34 

17 

.500000 

17 

1.000000 

17 

180 

00 

00000000 

18 

.591875 

18 

.991487 

18 

190 

35 

17 - 22/34 

19 

.680621 

19 

.966236 

19 

201 

10 

35 - 10/34 

20 

.763216 

20 

.925109 

20 

211 

45 

52 - 32/34 

21 

.836848 

21 

.869504 

21 

222 

21 

10 - 20/34 

22 

.899009 

22 

.801317 

22 

232 

56 

28 - 8/34 

23 

.947582 

23 

.722869 

23 

243 

31 

45 - 30/34 

24 

.980913 

24 

.636832 

24 

254 

7 

3 - 18/34 

25 

.997867 

25 

.546134 

25 

264 

42 

21 - 6/34 

26 

.997867 

26 

.453866 

26 

275 

17 

38 - 28/34 

27 

.980913 

27 

.363169 

27 

285 

52 

56 - 16/34 

28 

.947582 

28 

.277131 

28 

296 

28 

14 — 4/34 

29 

.899009 

29 

.198683 

29 

307 

3 

31 - 26/34 

30 

.836848 

30 

.130496 

30 

317 

38 

49 - 14/34 

31 

.763216 

31 

.074891 

31 

328 

14 

7 - 2/34 

32 

.680621 

32 

.033764 

32 

338 

49 

24 - 24/34 

33 

.591875 

33 

.008514 

33 

349 

24 

42 - 12/34 

34 

.500000 

34 

.000000 

34 

360 

0 

0 
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35 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 




FACTOR 

FOR "A" 

FACTOR 

FOR "B” 



ANGLE OF 

DEG. MIN. 

HOLE 

SEC. 

1 

.410722 

1 

.008035 

1 

10 

17 

8-20/35 

2 

.324313 

2 

.031883 

2 

20 

34 

17- 5/35 

3 

.243550 

3 

.070776 

3 

30 

51 

25-25/35 

4 

.171031 

4 

.123464 

4 

41 

8 

34-10/35 

5 

.109084 

5 

.188255 

5 

51 

25 

42-30/35 

6 

.059702 

6 

.263066 

6 

61 

42 

51-15/35 

7 

.024472 

7 

.345492 

7 

72 

00 

oooooooo 

8 

.004525 

8 

.432883 

8 

82 

17 

8-20/35 

9 

.000504 

9 

.522433 

9 

92 

34 

17- 5/35 

10 

.012536 

10 

.611261 

10 

102 

51 

25-25/35 
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COORDINATE FACTORS AND ANGLES —35 HOLE DIVISION 


FACTOR FACTOR ANOtE OF HOLE 



FOR “A" 

FOR 44 B” 

f 


DEO. 

MIN. 

SEC. 

11 

.040236 

11 

.696513 

11 

113 

8 

30 - 10/35 

12 

.082713 

12 

.775449 

12 

123 

25 

42 - 30/35 

13 

.138603 

13 

.845531 

13 

133 

42 

51 - 15/35 

14 

.206107 

14 

.904509 

14 

144 

00 

00000000 

15 

.283058 

15 

.950484 

15 

154 

17 

8 - 20/35 

16 

.366982 

16 

.981981 

16 

164 

34 

17 - 5/35 

17 

.455180 

17 

.997987 

17 

174 

51 

25 - 25/35 

18 

.544820 

18 

.997987 

18 

185 

8 

34 - 10/35 

19 

.633018 

19 

.981981 

19 

195 

25 

42 - 30/35 

20 

.716942 

20 

.950484 

20 

205 

42 

51 - 15/35 

21 

.793893 

21 

.904509 

21 

216 

00 

00000000 

22 

.861397 

22 

.845531 

22 

226 

17 

8 - 20/35 

23 

.917287 

23 

.775449 

23 

236 

34 

17 - 5/35 

24 

.959764 

24 

.696513 

24 

246 

51 

25 - 25/35 

25 

.987464 

25 

.611261 

25 

257 

8 

34 - 10/35 

26 

.999497 

26 

.522433 

26 

267 

25 

42 - 30/35 

27 

.995475 

27 

.432883 

27 

277 

42 

51 - 15/35 

28 

.975528 

28 

.345492 

28 

288 

00 

00000000 

29 

.940298 

29 

.263066 

29 

298 

17 

8 - 20/35 

30 

.890916 

30 

.188255 

30 

308 

34 

17 - 5/35 

31 

.828969 

31 

.123464 

31 

318 

51 

25 - 25/35 

32 

.756450 

32 

.070776 

32 

329 

8 

34 - 10/35 

33 

.675687 

33 

.031883 

33 

339 

25 

42 - 30/35 

34 

.589278 

34 

.008035 

34 

349 

42 

51 - 15/35 

35 

.500000 

35 

.000000 

35 

360 

0 

0 
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36 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 


34 TANGENT 



B-Dx FACTOR 


A=Dx FACTOR 


m 


FACTOR 


ANGLE OF HOLE 


FOR ••A” 

FOR "B" 




DEO. 

.413176 

1 

.007596 

1 


10 

.328990 

2 

.030154 

2 


20 

.250000 

3 

.066987 

3 


30 

.178606 

4 

.116978 

4 


40 

.116978 

5 

.178606 

5 


50 

.066987 

6 

.250000 

6 


60 

.030154 

7 

.328990 

7 


70 

.007596 

8 

.413176 

8 


80 

.000000 

9 

.500000 

9 


90 

.007596 

10 

.586824 

10 


too 
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COORDINATE FACTORS AND ANGLES —36 HOLE DIVISION 



FACTOR 

FOR M A” 

FACTOR 

FOR M B" 

♦ 


ANGLE OF 

HOLE 

DEG. 

MIN. 

SEC 

11 

.030154 

11 

.671010 

11 

110 

0 

0 

12 

.066987 

12 

.750000 

12 

120 

0 

0 

13 

.116978 

13 

.821394 

13 

130 

0 

0 

14 

.178606 

14 

.883022 

14 

140 

0 

0 

15 

.250000 

15 

.933013 

15 

150 

0 

0 

16 

.328990 

16 

.969846 

16 

160 

0 

0 

17 

.413176 

17 

.992404 

17 

170 

0 

0 

18 

.500000 

18 

1.000000 

18 

180 

0 

0 

19 

.586824 

19 

.992404 

19 

190 

0 

0 

20 

.671010 

20 

.969846 

20 

200 

0 

0 

21 

.750000 

21 

.933013 

21 

210 

0 

0 

22 

.821394 

22 

.883022 

22 

220 

0 

0 

23 

.883022 

23 

.821394 

23 

230 

0 

0 

24 

.933013 

24 

.750000 

24 

240 

0 

0 

25 

.969846 

25 

.671010 

25 

250 

0 

0 

26 

.992404 

26 

.586824 

26 

260 

0 

0 

27 

1.000000 

27 

.500000 

27 

270 

0 

0 

28 

.992404 

28 

.413176 

28 

280 

0 

0 

29 

.969846 

29 

.328990 

29 

290 

0 

0 

30 

.933013 

30 

.250000 

30 

300 

0 

0 

31 

.883022 

31 

.178606 

31 

310 

0 

0 

32 

.821394 

32 

.116978 

32 

320 

0 

0 

33 

.750000 

33 

.066987 

33 

330 

0 

0 

34 

.671010 

34 

.030154 

34 

340 

0 

0 

35 

.586824 

35 

.007596 

35 

350 

0 

0 

36 

.500000 

36 

.000000 

36 

360 

0 

0 
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37 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 



FACTOR FACTOR ANOtE OF HOtE 



FOR "A” 

FOR M B” 

♦ 


DEO. 

MIN. 

SEC 

1 

.415500 

1 

.007192 

1 

9 

43 

47 - 1/37 

2 

.333430 

2 

.028561 

2 

19 

27 

34 - 2/37 

3 

.256153 

3 

.063493 

3 

29 

11 

21 - 3/37 

4 

.185890 

4 

.110982 

4 

38 

55 

8 - 4/37 

5 

.124664 

5 

.169661 

5 

48 

38 

55 - 5/37 

6 

.074235 

6 

.237846 

6 

58 

22 

42 - 6/37 

7 

.036055 

7 

.313572 

7 

68 

6 

29 - 7/37 

8 

.011222 

8 

.394660 

8 

77 

50 

16 - 8/37 

9 

.000451 

9 

.478779 

9 

87 

34 

3 - 9/37 

10 

.004050 

10 

.563509 

10 

97 

17 

50-10 37 

286 


Digitized by 


Go 'gle 


Original from 
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COORDINATE FACTORS AND ANGLES —37 HOLE DIVISION 


FACTO* FACTO* ANOtE OF HOLE 


-r 

FOR “A” 

FOR "B” 

♦ 


DEO. 

MIN. 

SEC. 

11 

.021917 

11 

.646411 

11 

107 

1 

37 - 11/37 

12 

.053537 

12 

.725102 

12 

116 

45 

24 - 12/37 

13 

.098001 

13 

.797317 

13 

126 

29 

11 - 13/37 

14 

.154031 

14 

.860978 

14 

136 

12 

58 - 14/37 

15 

.220013 

15 

.914255 

15 

145 

56 

45 - 15/37 

16 

.294049 

16 

.955614 

16 

155 

40 

32 - 16/37 

17 

.374011 

17 

.983866 

17 

165 

24 

19 - 17/37 

18 

.457597 

18 

.998199 

18 

175 

8 

6 - 18/37 

19 

.542403 

19 

.998199 

19 

184 

51 

53 - 19/37 

20 

.625989 

20 

.983866 

20 

194 

35 

40 - 20/37 

21 

.705951 

21 

.955614 

21 

204 

19 

27 - 21/37 

22 

.779987 

22 

.914255 

22 

214 

3 

14 - 22/37 

23 

.845969 

23 

.860978 

23 

223 

47 

1 - 23/37 

24 

.901999 

24 

.797317 

24 

233 

30 

48 - 24/37 

25 

.946463 

25 

.725102 

25 

243 

14 

35 - 25/37 

26 

.978083 

26 

.646411 

26 

252 

58 

22 - 26/37 

27 

.995950 

27 

.563509 

27 

262 

42 

9 - 27/37 

28 

.999549 

28 

.478779 

28 

272 

25 

56 - 28/37 

29 

.988778 

29 

.394660 

29 

282 

9 

43 - 29/37 

30 

.963945 

30 

.313572 

30 

291 

53 

30 - 30/37 

31 

.925765 

31 

.237846 

31 

301 

37 

17 - 31/37 

32 

.875336 

32 

.169661 

32 

311 

21 

4 - 32/37 

33 

.814110 

33 

.110982 

33 

321 

4 

51 - 33/37 

34 

.743847 

34 

.063493 

34 

330 

48 

38 - 34/37 

35 

.666570 

35 

.028561 

35 

340 

32 

25 - 35/37 

36 

.584500 

36 

.007192 

36 

350 

16 

12 - 36/37 

37 

.500000 

37 

.000000 

37 

360 

0 

0 
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38 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 



FACTOR FACTOR ANOtE OF HOIE 



FOR “A" 

FOR “B” 

♦ 


DEG. 

MIN. 

SEC 

1 

.417703 

1 

.006819 

1 

9 

28 

25 - 10/38 

2 

.337650 

2 

.027091 

2 

18 

56 

50 - 20/38 

3 

.262026 

3 

.060263 

3 

28 

25 

15 - 30/38 

4 

.192894 

4 

.105430 

4 

37 

53 

41 - 2/38 

5 

.132138 

5 

.161359 

5 

47 

22 

6 - 12/38 

6 

.081417 

6 

.226526 

6 

56 

50 

31 - 22/38 

7 

.042113 

7 

.299152 

7 

66 

18 

56 - 32/38 

8 

.015300 

8 

.377257 

8 

75 

47 

22 - 4 38 

9 

.001708 

9 

.458710 

9 

85 

15 

47 - 14/38 

10 

.001708 

10 

.541290 

10 

94 

44 

12-24 38 
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COORDINATE FACTORS AND ANGLES —38 HOLE DIVISION 


FACTOR FACTOR _ ANOIE OF HOLE 



FOR “A” 

FOR ‘ 

B" | 


DEG. 

MIN. 

SEC. 

11 

.015300 

11 

.622743 

11 

104 

12 

37 - 34/38 

12 

.042113 

12 

.700848 

12 

113 

41 

3 - 6/38 

13 

.081417 

13 

.773474 

13 

123 

9 

28 - 16/38 

14 

.132138 

14 

.838641 

14 

132 

37 

53 - 26/38 

15 

.192894 

15 

.894570 

15 

142 

6 

18 - 36/38 

16 

.262026 

16 

.939737 

16 

151 

34 

44 - 8/38 

17 

.337650 

17 

.972909 

17 

161 

3 

9 - 18/38 

18 

.417703 

18 

.993181 

18 

170 

31 

34 - 28/38 

19 

.500000 

19 

1 . 000000 

19 

180 

00 

00000000 

20 

.582297 

20 

.993181 

20 

189 

28 

25 - 10/38 

21 

.662350 

21 

.972909 

21 

198 

56 

50 - 20/38 

22 

.737974 

22 

.939737 

22 

208 

25 

15 - 30/38 

23 

.807106 

23 

.894570 

23 

217 

53 

41 - 2/38 

24 

.867862 

24 

.838641 

24 

227 

22 

6 - 12/38 

25 

.918583 

25 

.773474 

25 

236 

50 

31 - 22/38 

26 

.957887 

26 

.700848 

26 

246 

18 

56 - 32/38 

27 

.984700 

27 

.622743 

27 

255 

47 

22 - 4/38 

28 

.998292 

28 

.541290 

28 

265 

15 

47 - 14/38 

29 

.998292 

29 

.458710 

29 

274 

44 

12 - 24/38 

30 

.984700 

30 

.377257 

30 

284 

12 

37 - 34/38 

31 

.957887 

31 

.299152 

31 

293 

41 

3 - 6/38 

32 

.918583 

32 

.226526 

32 

303 

9 

28 - 16/38 

33 

.867862 

33 

.161359 

33 

312 

37 

53 - 26/38 

34 

.807106 

34 

.105430 

34 

322 

6 

18 - 36/38 

35 

.737974 

35 

.060263 

35 

331 

34 

44 - 8/38 

36 

.662350 

36 

.027091 

36 

341 

3 

9 - 18/38 

37 

.582297 

37 

.006819 

37 

350 

31 

34 - 28/38 

38 

.500000 

38 

.000000 

38 

360 

0 

0 
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39 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 




FACTOR 

FOR • , A” 

FACTOR 

FOR "B” 

♦ 


ANGLE OF 

DEG. MIN. 

HOLE 

SEC. 

1 

.419794 

1 

.006475 

1 

9 

13 

50 - 30/39 

2 

.341666 

2 

.025732 

2 

18 

27 

41 - 21/39 

3 

.267638 

3 

.057272 

3 

27 

41 

32 - 12/39 

4 

.199629 

4 

.100279 

4 

36 

55 

23 - 3/39 

5 

.139399 

5 

.153638 

5 

46 

9 

13 - 33/39 

6 

.088508 

6 

.215968 

6 

55 

23 

4 - 24/39 

7 

.048275 

7 

.285654 

7 

64 

36 

55 - 15/39 

8 

.019741 

8 

.360891 

8 

73 

50 

46 - 6/39 

9 

.003646 

9 

.439732 

9 

83 

4 

36 - 36/39 

to 

.000406 

10 

.520133 

10 

92 

18 

27 - 27/39 
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COORDINATE FACTORS AND ANGLES —39 HOLE DIVISION 



FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR "A” 

FOR “B” 



DEG. 

MIN. 

SEC 

11 

.010105 

11 

.600013 

11 

101 

32 

18 - 18/39 

12 

.032492 

12 

.677302 

12 

110 

46 

9 - 9/39 

13 

.066987 

13 

.750000 

13 

120 

00 

00000000 

14 

.112698 

14 

.816223 

14 

129 

13 

50 - 30/39 

15 

.168439 

15 

.874255 

15 

138 

27 

41 - 21/39 

16 

.232767 

16 

.922595 

16 

147 

41 

32 - 12/39 

17 

.304017 

17 

.959990 

17 

156 

55 

23 - 3/39 

18 

.380342 

18 

.985471 

18 

166 

9 

13 - 33/39 

19 

.459767 

19 

.998379 

19 

175 

23 

4 - 24/39 

20 

.540233 

20 

.998379 

20 

184 

36 

55 - 15/39 

21 

.619658 

21 

.985471 

21 

193 

50 

46 - 6/39 

22 

.695983 

22 

.959990 

22 

203 

4 

36 - 36/39 

23 

.767233 

23 

.922595 

23 

212 

18 

27 - 27/39 

24 

.831561 

24 

.874255 

24 

221 

32 

18 - 18/39 

25 

.887302 

25 

.816223 

25 

230 

46 

9 - 9/39 

26 

.933013 

26 

.750000 

26 

240 

00 

00000000 

27 

.967508 

27 

.677302 

27 

249 

13 

50 - 30/39 

28 

.989895 

28 

.600013 

28 

258 

27 

41 - 21/39 

29 

.999595 

29 

.520133 

29 

267 

41 

32 - 12/39 

30 

.996354 

30 

.439732 

30 

276 

55 

23 - 3/39 

31 

.980259 

31 

.360891 

31 

286 

9 

13 - 33/39 

32 

.951725 

32 

.285654 

32 

295 

23 

4 - 24/39 

33 

.911492 

33 

.215968 

33 

304 

36 

55 - 15/39 

34 

.860601 

34 

.153638 

34 

313 

50 

46 - 6/39 

35 

.800371 

35 

.100279 

35 

323 

4 

36 - 36/39 

36 

.732362 

36 

.057272 

36 

332 

18 

27 - 27/39 

37 

.658334 

37 

.025732 

37 

341 

32 

18 - 18/39 

38 

.580206 

38 

.006475 

38 

350 

46 

9 - 9/39 

39 

.500000 

39 

.000000 

39 

360 

0 

0 





40 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 




FACTOR 

FOR "A" 

FACTOR 

FOR “B” 

♦ 


ANGLE OF HOLE 

DEG. 

MIN. 

SEC. 

1 

.421783 

1 

.006156 

1 

9 

0 

0 

2 

.345492 

2 

.024472 

2 

18 

0 

0 

3 

.273005 

3 

.054497 

3 

27 

0 

0 

4 

.206107 

4 

.095492 

4 

36 

0 

0 

5 

.146447 

5 

.146447 

5 

45 

0 

0 

6 

.095492 

6 

.206107 

6 

54 

0 

0 

"7 

/ 

.054497 

*7 

.273005 

7 

63 

0 

0 

8 

.024472 

8 

.345492 

8 

72 

0 

0 

9 

.006156 

9 

.421783 

9 

81 

0 

0 

10 

.000000 

10 

.500000 

10 

90 

0 

0 
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COORDINATE FACTORS AND ANGLES —40 HOLE DIVISION 


FACTOR FACTOR ANGLE OF HOLE 

FOR “A" FOR “B” f DEG. MIN. SEC. 


11 

.006156 

11 

.578217 

11 

99 

0 

0 

12 

.024472 

12 

.654508 

12 

108 

0 

0 

13 

.054497 

13 

.726995 

13 

117 

0 

0 

14 

.095492 

14 

.793893 

14 

126 

0 

0 

15 

.146447 

15 

.853553 

15 

135 

0 

0 

16 

.206107 

16 

.904508 

16 

144 

0 

0 

17 

.273005 

17 

.945503 

17 

153 

0 

0 

18 

.345492 

18 

.975528 

18 

162 

0 

0 

19 

.421783 

19 

.993844 

19 

171 

0 

0 

20 

.500000 

20 

1.000000 

20 

180 

0 

0 

21 

.578217 

21 

.993844 

21 

189 

0 

0 

22 

.654508 

22 

.975528 

22 

198 

0 

0 

23 

.726995 

23 

.945503 

23 

207 

0 

0 

24 

.793893 

24 

.904508 

24 

216 

0 

0 

25 

.853553 

25 

.853553 

25 

225 

0 

0 

26 

.904508 

26 

.793893 

26 

234 

0 

0 

27 

.945503 

27 

.726995 

27 

243 

0 

0 

28 

.975528 

28 

.654508 

28 

252 

0 

0 

29 

.993844 

29 

.578217 

29 

261 

0 

0 

30 

1.000000 

30 

.500000 

30 

270 

0 

0 

31 

.993844 

31 

.421783 

31 

279 

0 

0 

32 

.975528 

32 

.345492 

32 

288 

0 

0 

33 

.945503 

33 

.273005 

33 

297 

0 

0 

34 

.904508 

34 

.206107 

34 

306 

0 

0 

35 

.853553 

35 

.146447 

35 

315 

0 

0 

36 

.793893 

36 

.095492 

36 

324 

0 

0 

37 

.726995 

37 

.054497 

37 

333 

0 

0 

38 

.654508 

38 

.024472 

38 

342 

0 

0 

39 

.578217 

39 

.006156 

39 

351 

0 

0 

40 

.500000 

40 

.000000 

40 

360 

0 

0 


293 


Digitized by boogie 


Original from 

UNIVERSITY OF MICHIGAN 




41 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 




FACTOR 

FOR “A" 

FACTOR 

FOR “B” 

♦ 


ANGLE OF 

DEG. MIN. 

HOLE 

SEC 

1 

.423675 

1 

.005860 

1 

8 

46 

49 - 31/41 

2 

.349140 

2 

.023302 

2 

17 

33 

39-21 41 

3 

.278140 

3 

.051917 

3 

26 

20 

29 - 11/41 

4 

.212341 

4 

.091035 

4 

35 

7 

19 - 1 41 

5 

.153284 

5 

.139739 

5 

43 

54 

8 - 32/41 

6 

.102354 

6 

.196887 

6 

52 

40 

58 - 22/41 

7 

.060744 

7 

.261140 

7 

61 

27 

48-12 41 

8 

.029430 

8 

.330992 

8 

70 

14 

38 - 2/41 

9 

.009146 

9 

.404804 

9 

79 

1 

27 - 33/41 

10 

.000367 

10 

.480849 

10 

87 

48 

17-23 41 


294 
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COORDINATE FACTORS AND ANGLES —41 HOLE DIVISION 


FACTOR FACTOR AMPLE OF HOLE 



FOR “A" 

FOR "B” 

f 


DEG. 

MIN. 

SEC. 

11 

.003299 

11 

.557342 

11 

96 

35 

7 - 13/41 

12 

.017873 

12 

.632491 

12 

105 

21 

57 - 3/41 

13 

.043748 

13 

.704534 

13 

114 

8 

46 - 34/41 

14 

.080317 

14 

.771784 

14 

122 

55 

36 - 24/41 

15 

.126723 

15 

.832663 

15 

131 

42 

26 - 14/41 

16 

.181879 

16 

.885745 

16 

140 

29 

16 - 4/41 

17 

.244491 

17 

.929785 

17 

149 

16 

5 - 35/41 

18 

.313091 

18 

.963751 

18 

158 

2 

55 - 25/41 

19 

.386073 

19 

.986848 

19 

166 

49 

45 - 15/41 

20 

.461725 

20 

.998533 

20 

175 

36 

35 - 5/41 

21 

.538275 

21 

.998533 

21 

184 

23 

24 - 36/41 

22 

.613927 

22 

.986848 

22 

193 

10 

14 - 26/41 

23 

.686909 

23 

.963751 

23 

201 

57 

4 - 16/41 

24 

.755509 

24 

.929785 

24 

210 

43 

54 - 6/41 

25 

.818121 

25 

.885745 

25 

219 

30 

43 - 37/41 

26 

.873277 

26 

.832663 

26 

228 

17 

33 - 27/41 

27 

.919683 

27 

.771784 

27 

237 

4 

23 - 17/41 

28 

.956252 

28 

.704534 

28 

245 

51 

13 - 7/41 

29 

.982127 

29 

.632491 

29 

254 

38 

2 - 38/41 

30 

.996701 

30 

.557342 

30 

263 

24 

52 - 28/41 

31 

.999633 

31 

.480849 

31 

272 

11 

42 - 18/41 

32 

.990854 

32 

.404804 

32 

280 

58 

32 - 8/41 

33 

.970570 

33 

.330992 

33 

289 

45 

21 - 39/41 

34 

.939256 

34 

.261140 

34 

298 

32 

11 - 29/41 

35 

.897646 

35 

.196887 

35 

307 

19 

1 - 19/41 

36 

.846716 

36 

.139739 

36 

316 

5 

51 - 9/41 

37 

.787659 

37 

.091035 

37 

324 

52 

40 - 40/41 

38 

.721860 

38 

.051917 

38 

333 

39 

30 - 30/41 

39 

.650860 

39 

.023302 

39 

342 

26 

20 - 20/41 

40 

.576325 

40 

.005860 

40 

351 

13 

10 - 10/41 

41 

.500000 

41 

.000000 

41 

360 

0 

0 
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42 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 



FACTOR FACTOR ANOtE OF HOtE 



FOR “A” 

FOR “B” 

♦ 


DEO. 

MIN. 

SEC. 

1 

.425479 

1 

.005585 

1 

8 

34 

17 - 6/42 

2 

.352622 

2 

.022214 

2 

17 

8 

34 - 12/42 

3 

.283058 

3 

.049516 

3 

25 

42 

51 - 18/42 

4 

.218340 

4 

.086881 

4 

34 

17 

8 - 24/42 

5 

.159914 

5 

.133474 

5 

42 

51 

25 - 30/42 

6 

.109084 

6 

.188255 

6 

51 

25 

42 - 36/42 

7 

.066987 

7 

.250000 

7 

60 

00 

00000000 

8 

.034563 

8 

.317329 

8 

68 

34 

17 - 6/42 

9 

.012536 

9 

.388740 

9 

77 

8 

34 - 12/42 

10 

.001398 

10 

.462635 

10 

85 

42 

51 - 18/42 
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COORDINATE FACTORS AND ANGLES —42 HOLE DIVISION 


FACTOR FACTOR ANOtE OF HOLE 



FOR “A” 

FOR “B” 

♦ 


DEO. 

MIN. 

SEC. 

11 

.001398 

11 

.537365 

11 

94 

17 

8 - 24/42 

12 

.012536 

12 

.611260 

12 

102 

51 

25 - 30/42 

13 

.034563 

13 

.682671 

13 

111 

25 

42 - 36/42 

14 

.066987 

14 

.750000 

14 

120 

00 

00000000 

15 

.109084 

15 

.811745 

15 

128 

34 

17 - 6/42 

16 

.159914 

16 

.866526 

16 

137 

8 

34 - 12/42 

17 

.218340 

17 

.913119 

17 

145 

42 

51 - 18/42 

18 

.283058 

18 

.950484 

18 

154 

17 

8 - 24/42 

19 

.352622 

19 

.977786 

19 

162 

51 

25 - 30/42 

20 

.425479 

20 

.994415 

20 

171 

25 

42 - 36/42 

21 

.500000 

21 

1.000000 

21 

180 

00 

00000000 

22 

.574521 

22 

.994415 

22 

188 

34 

17 - 6/42 

23 

.647378 

23 

.977786 

23 

197 

8 

34 - 12/42 

24 

.716942 

24 

.950484 

24 

205 

42 

51 - 18/42 

25 

.781660 

25 

.913119 

25 

214 

17 

8 - 24/42 

26 

.840086 

26 

.866526 

26 

222 

51 

25 - 30/42 

27 

.890916 

27 

.811745 

27 

231 

25 

42 - 36/42 

28 

.933013 

28 

.750000 

28 

240 

00 

00000000 

29 

.965437 

29 

.682671 

29 

248 

34 

17 - 6/42 

30 

.987464 

30 

.611260 

30 

257 

8 

34 - 12/42 

31 

.998602 

31 

.537365 

31 

265 

42 

51 - 18/42 

32 

.998602 

32 

.462635 

32 

274 

17 

8 - 24/42 

33 

.987464 

33 

.388740 

33 

282 

51 

25 - 30/42 

34 

.965437 

34 

.317329 

34 

291 

25 

42 - 36/42 

35 

.933013 

35 

.250000 

35 

300 

00 

00000000 

36 

.890916 

36 

.188255 

36 

308 

34 

17 - 6/42 

37 

.840086 

37 

.133474 

37 

317 

8 

34 - 12/42 

38 

.781660 

38 

.086881 

38 

325 

42 

51 - 18/42 

39 

.716942 

39 

.049616 

39 

334 

17 

8 - 24/42 

40 

.647378 

40 

.022214 

40 

342 

51 

25 - 30/42 

41 

.574521 

41 

.005585 

41 

351 

25 

42 - 36/42 

42 

.500000 

42 

.000000 

42 

360 

0 

0 
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43 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 




FACTOR 

FOR -A” 

FACTOR 

FOR "B” 

f 


ANGLE OF 

DEG. MIN. 

HOLE 

SEC. 

1 

.427199 

1 

.005328 

1 

8 

22 

19 - 23/43 

2 

.355950 

2 

.021200 

2 

16 

44 

39 - 3/43 

3 

.287772 

3 

.047276 

3 

25 

6 

58 - 26/43 

4 

.224116 

4 

.083001 

4 

33 

29 

18 - 6/43 

5 

.166342 

5 

.127614 

5 

41 

51 

37 - 29/43 

6 

.115676 

6 

.180163 

6 

50 

13 

57 - 9/43 

7 

.073203 

7 

.239530 

7 

58 

36 

16 - 32/43 

8 

.039827 

8 

.304448 

8 

66 

58 

36 - 12/43 

9 

.016258 

9 

.373533 

9 

75 

20 

55 - 35/43 

10 

.003000 

10 

.445314 

10 

83 

43 

15 - 15/43 


298 
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Go 'gle 


Original from 

UNIVERSITY OF MICHIGAN 





COORDINATE FACTORS AND ANGLES —43 HOLE DIVISION 


FACTOR FACTOR ANOtE OF HOLE 



FOR "A" 

FOR M B" 

♦ 


DEO. 

MIN. 

SEC. 

11 

.000334 

11 

.518261 

11 

92 

5 

34 - 38/43 

12 

.008317 

12 

.590818 

12 

100 

27 

54 - 18/43 

13 

.026780 

13 

.661440 

13 

108 

50 

13 - 41/43 

14 

.055329 

14 

.728621 

14 

117 

12 

33 - 21/43 

15 

.093355 

15 

.790929 

15 

125 

34 

53 - 1/43 

16 

.140048 

16 

.847037 

16 

133 

57 

12 - 24/43 

17 

.194413 

17 

.895748 

17 

142 

19 

32 - 4/43 

18 

.255291 

18 

.936025 

18 

150 

41 

51 - 27/43 

19 

.321384 

19 

.967008 

19 

159 

4 

11 - 7/43 

20 

.391285 

20 

.988038 

20 

167 

26 

30 - 30/43 

21 

.463502 

21 

.998666 

21 

175 

48 

50 - 10/43 

22 

.536498 

22 

.998666 

22 

184 

11 

9 - 33/43 

23 

.608715 

23 

.988038 

23 

192 

33 

29 - 13/43 

24 

.678616 

24 

.967008 

24 

200 

55 

48 - 36/43 

25 

.744709 

25 

.936025 

25 

209 

18 

8 - 16/43 

26 

.805587 

26 

.895748 

26 

217 

40 

27 - 39/43 

27 

.859952 

27 

.847037 

27 

226 

2 

47 - 19/43 

28 

.906645 

28 

.790929 

28 

234 

25 

6 - 42/43 

29 

.944671 

29 

.728621 

29 

242 

47 

26 - 22/43 

30 

.973220 

30 

.661440 

30 

251 

9 

46 - 2/43 

31 

.991683 

31 

.590818 

31 

259 

32 

5 - 25/43 

32 

.999666 

32 

.518261 

32 

267 

54 

25 - 5/43 

33 

.997000 

33 

.445314 

33 

276 

16 

44 - 28/43 

34 

.983742 

34 

.373533 

34 

284 

39 

4 - 8/43 

35 

.960173 

35 

.304448 

35 

293 

1 

23 - 31/43 

36 

.926797 

36 

.239530 

36 

301 

23 

43 - 11/43 

37 

.884324 

37 

.180163 

37 

309 

46 

2 - 34/43 

38 

.833658 

38 

.127614 

38 

318 

8 

22 - 14/43 

39 

.775884 

39 

.083001 

39 

326 

30 

41 - 37/43 

40 

.712228 

40 

.047276 

40 

334 

53 

1 - 17/43 

41 

.644050 

41 

.021200 

41 

343 

15 

20 - 40/43 

42 

.572801 

42 

.005328 

42 

351 

37 

40 - 20/43 

43 

.500000 

43 

.000000 

43 

360 

0 

0 
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44 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 



FACTOR FACTOR ANOit OF HOIE 



FOR "A” 

FOR “B” 

♦ 


DEO. 

MIN. 

SEC 

1 

.428843 

1 

.005089 

1 

8 

10 

54 - 24/44 

2 

.359134 

2 

.020254 

2 

16 

21 

49 - 4/44 

3 

.292293 

3 

.045184 

3 

24 

32 

43 - 28/44 

4 

.229680 

4 

.079373 

4 

32 

43 

38 - 8/44 

5 

.172570 

5 

.122125 

5 

40 

54 

32 - 32/44 

6 

.122125 

6 

.172570 

6 

49 

5 

27 - 12/44 

7 

.079373 

7 

.229680 

7 

57 

16 

21 - 36/44 

8 

.045184 

8 

.292293 

8 

65 

27 

16 - 16/44 

9 

.020254 

9 

.359134 

9 

73 

38 

10 - 40/44 

10 

.005089 

10 

.428843 

10 

81 

49 

5 - 20/44 


300 
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Original from 
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COORDINATE FACTORS AND ANGLES —44 HOLE DIVISION 


FACTOR FACTOR ANGLE OF HOLE 



FOR “A” 

FOR “B" 

* 


DEG. 

MIN. 

SEC 

11 

.000000 

11 

.500000 

11 

90 

00 

00000000 

12 

.005089 

12 

.571157 

12 

98 

10 

54 - 24/44 

13 

.020254 

13 

.640866 

13 

106 

21 

49 - 4/44 

14 

.045184 

14 

.707708 

14 

114 

32 

43 - 28/44 

15 

.079373 

15 

.770320 

15 

122 

43 

38 - 8/44 

16 

.122125 

16 

.827430 

16 

130 

54 

32 - 32/44 

17 

.172570 

17 

.877875 

17 

139 

5 

27 - 12/44 

18 

.229680 

18 

.920627 

18 

147 

16 

21 - 36/44 

19 

.292293 

19 

.954816 

19 

155 

27 

16 - 16/44 

20 

.359134 

20 

.979746 

20 

163 

38 

10 - 40/44 

21 

.428843 

21 

.994911 

21 

171 

49 

5 - 20/44 

22 

.500000 

22 

1.000000 

22 

180 

00 

00000000 

23 

.571157 

23 

.994911 

23 

188 

10 

54 - 24/44 

24 

.640866 

24 

.979746 

24 

196 

21 

49 - 4/44 

25 

.707708 

25 

.954816 

25 

204 

32 

43 - 28/44 

26 

.770320 

26 

.920627 

26 

212 

43 

38 - 8/44 

27 

.827430 

27 

.877875 

27 

220 

54 

32 - 32/44 

28 

.877875 

28 

.827430 

28 

229 

5 

27 - 12/44 

29 

.920627 

29 

.770320 

29 

237 

16 

21 - 36/44 

30 

.954816 

30 

.707708 

30 

245 

27 

16 - 16/44 

31 

.979746 

31 

.640866 

31 

253 

38 

10 - 40/44 

32 

.994911 

32 

.571157 

32 

261 

49 

5 - 20/44 

33 

1.000000 

33 

.500000 

33 

270 

00 

00000000 

34 

.994911 

34 

.428843 

34 

278 

10 

54 - 24/44 

35 

.979746 

35 

.359134 

35 

286 

21 

49 - 4/44 

36 

.954816 

36 

.292293 

36 

294 

32 

43 - 28/44 

37 

.920627 

37 

.229680 

37 

302 

43 

38 - 8/44 

38 

.877875 

38 

.172570 

38 

310 

54 

32 - 32/44 

39 

.827430 

39 

.122125 

39 

319 

5 

27 - 12/44 

40 

.770320 

40 

.079373 

40 

327 

16 

21 - 36/44 

41 

.707708 

41 

.045184 

41 

335 

27 

16 - 16/44 

42 

.640866 

42 

.020254 

42 

343 

38 

10 - 40/44 

43 

.571157 

43 

.005089 

43 

351 

49 

5 - 20/44 

44 

.500000 

44 

.000000 

44 

360 

0 

0 
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Original from 
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45 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 



FACTOR 


ANGLE OF HOLE 



FOR "A” 

FOR • 

•B” f 


DEG. 

MIN. 

SEC. 

1 

.430413 

1 

.004866 

1 

8 

0 

0 

2 

.362181 

2 

.019369 

2 

16 

0 

0 

3 

.296632 

3 

.043227 

3 

24 

0 

0 

4 

.235040 

4 

.075976 

4 

32 

0 

0 

5 

.178606 

5 

.116978 

5 

40 

0 

0 


6 

.128428 

6 

.165435 

6 

48 

0 

0 

7 

.085481 

7 

.220404 

7 

56 

0 

0 

8 

.050603 

8 

.280814 

8 

64 

0 

0 

9 

.024472 

9 

.345492 

9 

72 

0 

0 

10 

.007596 

10 

.413176 

10 

80 

0 

0 

302 
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Original from 

UNIVERSITY OF MICHIGAN 




COORDINATE FACTORS AND ANGLES —45 HOLE DIVISION 



FACTOR 

FOR “A” 

FACTOR 

FOR "B” f 


ANGLE OF HOLE 

DEG. MIN. SEC. 

11 

.000305 

11 

.482550 

11 

88 

0 

0 

12 

.002739 

12 

.552264 

12 

96 

0 

0 

13 

.014852 

13 

.620961 

13 

104 

0 

0 

14 

.036408 

14 

.687303 

14 

112 

0 

0 

15 

.066987 

15 

.750000 

15 

120 

0 

0 

16 

.105995 

16 

.807831 

16 

128 

0 

0 

17 

.152671 

17 

.859670 

17 

136 

0 

0 

18 

.206107 

18 

.904508 

18 

144 

0 

0 

19 

.265264 

19 

.941474 

19 

152 

0 

0 

20 

.328990 

20 

.969846 

20 

160 

0 

0 

21 

.396044 

21 

.989074 

21 

168 

0 

0 

22 

.465122 

22 

.998782 

22 

176 

0 

0 

23 

.534878 

23 

.998782 

23 

184 

0 

0 

24 

.603956 

24 

.989074 

24 

192 

0 

0 

25 

.671010 

25 

.969846 

25 

200 

0 

0 

26 

.734736 

26 

.941474 

26 

208 

0 

0 

27 

.793893 

27 

.904508 

27 

216 

0 

0 

28 

.847329 

28 

.859670 

28 

224 

0 

0 

29 

.894005 

29 

.807831 

29 

232 

0 

0 

30 

.933013 

30 

.750000 

30 

240 

0 

0 

31 

.963592 

31 

.687303 

31 

248 

0 

0 

32 

.985148 

32 

.620961 

32 

256 

0 

0 

33 

.997261 

33 

.552264 

33 

264 

0 

0 

34 

.999695 

34 

.482550 

34 

272 

0 

0 

35 

.992404 

35 

.413176 

35 

280 

0 

0 

36 

.975528 

36 

.345492 

36 

288 

0 

0 

37 

.949397 

37 

.280814 

37 

296 

0 

0 

38 

.914519 

38 

.220404 

38 

304 

0 

0 

39 

.871572 

39 

.165435 

39 

312 

0 

0 

40 

.821394 

40 

.116978 

40 

320 

0 

0 

41 

.764960 

41 

.075976 

41 

328 

0 

0 

42 

.703368 

42 

.043227 

42 

336 

0 

0 

43 

.637819 

43 

.019369 

43 

344 

0 

0 

44 

.569587 

44 

.004866 

44 

352 

0 

0 

45 

.500000 

45 

.000000 

45 

360 

0 

0 


303 
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46 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 



FACTOR FACTOR ANGLE OF HOLE 



FOR “A” 

FOR “B” 

f 


DEG. 

MIN. 

SEC. 

1 

.431917 

1 

.004657 

1 

7 

49 

33-4246 

2 

.365102 

2 

.018541 

2 

15 

39 

7-38 46 

3 

.300803 

3 

.041394 

3 

23 

28 

41 - 34/46 

4 

.240208 

4 

.072790 

4 

31 

18 

15 - 30/46 

5 

.184456 

5 

.112144 

5 

39 

7 

49-26 46 

6 

.134582 

6 

.158723 

6 

46 

57 

23-22 46 

7 

.091515 

7 

.211660 

7 

54 

46 

57 - 18/46 

8 

.056057 

8 

.269967 

8 

62 

36 

31 - 14/46 

9 

.028870 

9 

.332560 

9 

70 

26 

5 - 10/46 

10 

.010458 

10 

.398272 

10 

78 

15 

39 - 6/46 

304 


Digitized by 


Google 


Original from 
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COORDINATE FACTORS AND ANGLES —46 HOLE DIVISION 


FACTOR FACTOR ANOIE OP HOLE 



FOR "A" 

FOR “B” 



DEO. 

MIN. 

SEC. 

11 

.001166 

11 

.465879 

11 

86 

5 

13 - 2/46 

12 

.001166 

12 

.534121 

12 

93 

54 

46 - 44/46 

13 

.010458 

13 

.601728 

13 

101 

44 

20 - 40/46 

14 

.028870 

14 

.667440 

14 

109 

33 

54 - 36/46 

15 

.056057 

15 

.730033 

15 

117 

23 

28 - 32/46 

16 

.091515 

16 

.788340 

16 

125 

13 

2 - 28/46 

17 

.134582 

17 

.841277 

17 

133 

2 

36 - 24/46 

18 

.184456 

18 

.887856 

18 

140 

52 

10 - 20/46 

19 

.240208 

19 

.927210 

19 

148 

41 

44 - 16/46 

20 

.300803 

20 

.958606 

20 

156 

31 

18 - 12/46 

21 

.365102 

21 

.981459 

21 

164 

20 

52 - 8/46 

22 

.431917 

22 

.995343 

22 

172 

10 

26 - 4/46 

23 

.500000 

23 

1.000000 

23 

180 

00 

00000000 

24 

.568083 

24 

.995343 

24 

187 

49 

33 - 42/46 

25 

.634898 

25 

.981459 

25 

195 

39 

7 - 38/46 

26 

.699197 

26 

.958606 

26 

203 

28 

41 - 34/46 

27 

.759792 

27 

.927210 

27 

211 

18 

15 - 30/46 

28 

.815544 

28 

.887856 

28 

219 

7 

49 - 26/46 

29 

.865418 

29 

.841277 

29 

226 

57 

23 - 22/46 

30 

.908485 

30 

.788340 

30 

234 

46 

57 - 18/46 

31 

.943943 

31 

.730033 

31 

242 

36 

31 - 14/46 

32 

.971130 

32 

.667440 

32 

250 

26 

5 - 10/46 

33 

.989542 

33 

.601728 

33 

258 

15 

39 - 6/46 

34 

.998834 

34 

.534121 

34 

266 

5 

13 - 2/46 

35 

.998834 

35 

.465879 

35 

273 

54 

46 - 44/46 

36 

.989542 

36 

.398272 

36 

281 

44 

20 - 40/46 

37 

.971130 

37 

.332560 

37 

289 

33 

54 - 36/46 

38 

.943943 

38 

.269967 

38 

297 

23 

28 - 32/46 

39 

.908485 

39 

.211660 

39 

305 

13 

2 - 28/46 

40 

.865418 

40 

.158723 

40 

313 

2 

36 - 24/46 

41 

.815544 

41 

.112144 

41 

320 

52 

10 - 20/46 

42 

.759792 

42 

.072790 

42 

328 

41 

44 - 16/46 

43 

.699197 

43 

.041394 

43 

336 

31 

18 - 12/46 

44 

.634898 

44 

.018541 

44 

344 

20 

52 - 8/46 

45 

.568083 

45 

.004657 

45 

352 

10 

26 - 4/46 

46 

.500000 

46 

.000000 

46 

360 

0 

0 
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47 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 




FACTOR 

FOR “A” 

FACTOR 

FOR “B" f 


ANGLE OF 

HOLE 

DEG. 

MIN. 

SEC. 

1 

.433357 

1 

.004461 

1 

7 

39 

34 - 22/47 

2 

.367902 

2 

.017765 

2 

15 

19 

8 - 44/47 

3 

.304806 

3 

.039675 

3 

22 

58 

43 - 19/47 

4 

.245192 

4 

.069799 

4 

30 

38 

17-41 4 “ 

5 

.190125 

5 

.107600 

5 

38 

17 

52 - 16/47 

6 

.140588 

6 

.152404 

6 

45 

57 

26 - 38/47 

7 

.097465 

7 

.203410 

7 

53 

37 

1 - 13 / 4 “ 

8 

.061525 

8 

.259709 

8 

61 

16 

35-35 4 “ 

9 

.033410 

9 

.320296 

9 

68 

56 

10 - 10 / 4 - 

10 

.013621 

10 

.384090 

10 

76 

35 

44-32 4 “ 


306 


Digitized by 
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Original from 
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COORDINATE FACTORS AND ANGLES —47 HOLE DIVISION 


FACTOR FACTOR ANGLE OF HOLE 



FOR “A” 

FOR “B” 

♦ 


DEG. 

MIN. 

SEC. 

11 

.002511 

11 

.449952 

11 

84 

15 

19 - 7/47 

12 

.000279 

12 

.516707 

12 

91 

54 

53 - 29/47 

13 

.006965 

13 

.583165 

13 

99 

34 

28 - 4/47 

14 

.022449 

14 

.648138 

14 

107 

14 

2 - 26/47 

15 

.046455 

15 

.710468 

15 

114 

53 

37 - 1/47 

16 

.078554 

16 

.769041 

16 

122 

33 

11 - 23/47 

17 

.118174 

17 

.822814 

17 

130 

12 

45 - 45/47 

18 

.164608 

18 

.870826 

18 

137 

52 

20 - 20/47 

19 

.217026 

19 

.912221 

19 

145 

31 

54 - 42/47 

20 

.274495 

20 

.946259 

20 

153 

11 

29 - 17/47 

21 

.335988 

21 

.972335 

21 

160 

51 

3 - 39/47 

22 

.400407 

22 

.989981 

22 

168 

30 

38 - 14/47 

23 

.466604 

23 

.998883 

23 

176 

10 

12 - 36/47 

24 

.533396 

24 

.998883 

24 

183 

49 

47 - 11/47 

25 

.599593 

25 

.989981 

25 

191 

29 

21 - 33/47 

26 

.664012 

26 

.972335 

26 

199 

8 

56 - 8/47 

27 

.725505 

27 

.946259 

27 

206 

48 

30 - 30/47 

28 

.782974 

28 

.912221 

28 

214 

28 

5 - 5/47 

29 

.835392 

29 

.870826 

29 

222 

7 

39 - 27/47 

30 

.881826 

30 

.822814 

30 

229 

47 

14 - 2/47 

31 

.921446 

31 

.769041 

31 

237 

26 

48 - 24/47 

32 

.953545 

32 

.710468 

32 

245 

6 

22 - 46/47 

33 

.977551 

33 

.648138 

33 

252 

45 

57 - 21/47 

34 

.993035 

34 

.583165 

34 

260 

25 

31 - 43/47 

35 

.999721 

35 

.516707 

35 

268 

5 

6 - 18/47 

36 

.997489 

36 

.449952 

36 

275 

44 

40 - 40/47 

37 

.986379 

37 

.384090 

37 

283 

24 

15 - 15/47 

38 

.966590 

38 

.320296 

38 

291 

3 

49 - 37/47 

39 

.938475 

39 

.259709 

39 

298 

43 

24 - 12/47 

40 

.902535 

40 

.203410 

40 

306 

22 

58 - 34/47 

41 

.859412 

41 

.152404 

41 

314 

2 

33 - 9/47 

42 

.809875 

42 

.107600 

42 

321 

42 

7 - 31/47 

43 

.754808 

43 

.069799 

43 

329 

21 

42 - 6/47 

44 

.695194 

44 

.039675 

44 

337 

1 

16 - 28/47 

45 

.632098 

45 

.017765 

45 

344 

40 

51 - 3/47 

46 

.566643 

46 

.004461 

46 

352 

20 

25 - 25/47 

47 

.500000 

47 

.000000 

47 

360 

0 

0 


307 
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48 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 



FACTOR FACTOR ANOtE OF HOtC 



FOR “A” 

FOR M B” 

♦ 


DEG. 

MIN. 

SEC. 

1 

.434737 

1 

.004278 

1 

7 

30 

0 

2 

.370590 

2 

.017037 

2 

15 

00 

0 

3 

.308658 

3 

.038060 

3 

22 

30 

0 

4 

.250000 

4 

.066987 

4 

30 

00 

0 

5 

.195619 

5 

.103323 

5 

37 

30 

0 

6 

.146447 

6 

.146447 

6 

45 

00 

0 

7 

.103323 

7 

.195619 

7 

52 

30 

0 

8 

.066987 

8 

.250000 

8 

60 

00 

0 

9 

.038060 

9 

.308658 

9 

67 

30 

0 

10 

.017037 

10 

.370590 

10 

75 

00 

0 

308 
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COORDINATE FACTORS AND ANGLES —48 HOLE DIVISION 


FACTOR FACTOR ANGLE OF HOLE 



FOR “A" 

FOR “B” 

♦ 


DEO. 

MIN. 

SEC. 

11 

.004278 

11 

.434737 

11 

82 

30 

0 

12 

.000000 

12 

.500000 

12 

90 

00 

0 

13 

.004278 

13 

.565263 

13 

97 

30 

0 

14 

.017037 

14 

.629410 

14 

105 

00 

0 

15 

.038060 

15 

.691342 

15 

112 

30 

0 

16 

.066987 

16 

.750000 

16 

120 

00 

0 

17 

.103323 

17 

.804381 

17 

127 

30 

0 

18 

.146447 

18 

.853553 

18 

135 

00 

0 

19 

.195619 

19 

.896677 

19 

142 

30 

0 

20 

.250000 

20 

.933013 

20 

150 

00 

0 

21 

.308658 

21 

.961940 

21 

157 

30 

0 

22 

.370590 

22 

.982963 

22 

165 

00 

0 

23 

.434737 

23 

.995722 

23 

172 

30 

0 

24 

.500000 

24 

1.000000 

24 

180 

00 

0 

25 

.565263 

25 

.995722 

25 

187 

30 

0 

26 

.629410 

26 

.982963 

26 

195 

00 

0 

27 

.691342 

27 

.961940 

27 

202 

30 

0 

28 

.750000 

28 

.933013 

28 

210 

00 

0 

29 

.804381 

29 

.896677 

29 

217 

30 

0 

30 

.853553 

30 

.853553 

30 

225 

00 

0 

31 

.896677 

31 

.804381 

31 

232 

30 

0 

32 

.933013 

32 

.750000 

32 

240 

00 

0 

33 

.961940 

33 

.691342 

33 

247 

30 

0 

34 

.982963 

34 

.629410 

34 

255 

00 

0 

35 

.995722 

35 

.565263 

35 

262 

30 

0 

36 

1.000000 

36 

.500000 

36 

270 

00 

0 

37 

.995722 

37 

.434737 

37 

277 

30 

0 

38 

.982963 

38 

.370590 

38 

285 

00 

0 

39 

.961940 

39 

.308658 

39 

292 

30 

0 

40 

.933013 

40 

.250000 

40 

300 

00 

0 

41 

.896677 

41 

.195619 

41 

307 

30 

0 

42 

.853553 

42 

.146447 

42 

315 

00 

0 

43 

.804381 

43 

.103323 

43 

322 

30 

0 

44 

.750000 

44 

.066987 

44 

330 

00 

0 

45 

.691342 

45 

.038060 

45 

337 

30 

0 

46 

.629410 

46 

.017037 

46 

345 

00 

0 

47 

.565263 

47 

.004278 

47 

352 

30 

0 

48 

.500000 

48 

.000000 

48 

360 

0 

0 
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49 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 



FACTOR FACTOR ANOtE OF HOLE 



FOR “A” 

FOR “B” 

♦ 


DEO. 

MIN. 

SEC. 

1 

.436061 

1 

.004105 

1 

7 

20 

48 - 48/49 

2 

.373175 

2 

.016353 

2 

14 

41 

37-47 49 

3 

.312367 

3 

.036542 

3 

22 

2 

26-46 49 

4 

.254641 

4 

.064341 

4 

29 

23 

15-45 49 

5 

.200945 

5 

.099293 

5 

36 

44 

4-44 49 

6 

.152159 

6 

.140825 

6 

44 

4 

53-43 49 

7 

.109084 

7 

.188255 

7 

51 

25 

42 - 42/49 

8 

.072429 

8 

.240804 

8 

58 

46 

31-41 49 

9 

.042794 

9 

.297608 

9 

66 

7 

20-40 49 

10 

.020666 

10 

.357736 

10 

73 

28 

9-39 49 




310 
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COORDINATE FACTORS AND ANGLES —49 HOLE DIVISION 


FACTOR FACTOR ANGLE OF HOLE 



FOR “A” 

FOR “B” 

♦ 


DEG. 

MIN. 

SEC 

11 

.006409 

11 

.420200 

11 

80 

48 

58 - 38/49 

12 

.000257 

12 

.483972 

12 

88 

9 

47 - 37/49 

13 

.002310 

13 

.548012 

13 

95 

30 

36 - 36/49 

14 

.012536 

14 

.611260 

14 

102 

51 

25 - 35/49 

15 

.030766 

15 

.672682 

15 

110 

12 

14 - 34/49 

16 

.056700 

16 

.731269 

16 

117 

33 

3 - 33/49 

17 

.089914 

17 

.786058 

17 

124 

53 

52 - 32/49 

18 

.129860 

18 

.836150 

18 

132 

14 

41 - 31/49 

19 

.175886 

19 

.880723 

19 

139 

35 

30 - 30/49 

20 

.227233 

20 

.919044 

20 

146 

56 

19 - 29/49 

21 

.283058 

21 

.950484 

21 

154 

17 

8 - 28/49 

22 

.342447 

22 

.974528 

22 

161 

37 

57 - 27/49 

23 

.404421 

23 

.990780 

23 

168 

58 

46 - 26/49 

24 

.467965 

24 

.998973 

24 

176 

19 

35 - 25/49 

25 

.532035 

25 

.998973 

25 

183 

40 

24 - 24/49 

26 

.595579 

26 

.990780 

26 

191 

1 

13 - 23/49 

27 

.657553 

27 

.974528 

27 

198 

22 

2 - 22/49 

28 

.716942 

28 

.950484 

28 

205 

42 

51 - 21/49 

29 

.772767 

29 

.919044 

29 

213 

3 

40 - 20/49 

30 

.824114 

30 

.880723 

30 

220 

24 

29 - 19/49 

31 

.870139 

31 

.836150 

31 

227 

45 

18 - 18/49 

32 

.910086 

32 

.786058 

32 

235 

6 

7 - 17/49 

33 

.943300 

33 

.731269 

33 

242 

26 

56 - 16/49 

34 

.969234 

34 

.672682 

34 

249 

47 

45 - 15/49 

35 

.987464 

35 

.611260 

35 

257 

8 

34 - 14/49 

36 

.997690 

36 

.548012 

36 

264 

29 

23 - 13/49 

37 

.999743 

37 

.483972 

37 

271 

50 

12 - 12/49 

38 

.993591 

38 

.420200 

38 

279 

11 

1 - 11/49 

39 

.979334 

39 

.357736 

39 

286 

31 

50 - 10/49 

40 

.957206 

40 

.297608 

40 

293 

52 

39 - 9/49 

41 

.927571 

41 

.240804 

41 

301 

13 

28 - 8/49 

42 

.890916 

42 

.188255 

42 

308 

34 

17 - 7/49 

43 

.847841 

43 

.140825 

43 

315 

55 

6 - 6/49 

44 

.799055 

44 

.099293 

44 

323 

15 

55 - 5/49 

45 

.745359 

45 

.064341 

45 

330 

36 

44 - 4/49 

46 

.687634 

46 

.036542 

46 

337 

57 

33 - 3/49 

47 

.626825 

47 

.016353 

47 

345 

18 

22 - 2/49 

48 

.563939 

48 

.004105 

48 

352 

39 

11 - 1/49 

49 

.500000 

49 

.000000 

49 

360 

0 

0 
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50 HOLE DIVISION —COO R DIN ATE FACTORS AND ANGLES 




FACTOR 

FOR ••A” 

FACTOR 

FOR "B" 

♦ 


ANGLE OF HOLE 

DEG. 

MIN. 

SEC. 

1 

.437333 

1 

.003943 

1 

7 

12 

0 

2 

.375655 

2 

.015708 

2 

14 

24 

0 

3 

.315937 

3 

.035112 

3 

21 

36 

0 

4 

.259123 

4 

.061847 

4 

28 

48 

0 

5 

.206107 

5 

.095492 

5 

36 

00 

0 

6 

.157726 

6 

.135516 

6 

43 

12 

0 

7 

.114743 

7 

.181288 

7 

50 

24 

0 

8 

.077836 

8 

.232087 

8 

57 

36 

0 

9 

.047586 

9 

.287110 

9 

64 

48 

0 

10 

.024472 

10 

.345492 

10 

72 

00 

0 
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COORDINATE FACTORS AND ANGLES —50 HOLE DIVISION 


FACTOR FACTOR ANGLE OF HOIE 



FOR “A” 

FOR “B” 

♦ 


DEO. 

MIN. 

SEC. 

11 

.008856 

11 

.406309 

11 

79 

12 

0 

12 

.000987 

12 

.468605 

12 

86 

24 

0 

13 

.000987 

13 

.531395 

13 

93 

36 

0 

14 

.008856 

14 

.593691 

14 

100 

48 

0 

15 

.024472 

15 

.654508 

15 

108 

00 

0 

16 

.047586 

16 

.712890 

16 

115 

12 

0 

17 

.077836 

17 

.767913 

17 

122 

24 

0 

18 

.114743 

18 

.818712 

18 

129 

36 

0 

19 

.157726 

19 

.864484 

19 

136 

48 

0 

20 

.206107 

20 

.904508 

20 

144 

00 

0 

21 

.259123 

21 

.938153 

21 

151 

12 

0 

22 

.315937 

22 

.964888 

22 

158 

24 

0 

23 

.375655 

23 

.984292 

23 

165 

36 

0 

24 

.437333 

24 

.996057 

24 

172 

48 

0 

25 

.500000 

25 

1.000000 

25 

180 

00 

0 

26 

.562667 

26 

.996057 

26 

187 

12 

0 

27 

.624345 

27 

.984292 

27 

194 

24 

0 

28 

.684062 

28 

.964888 

28 

201 

36 

0 

29 

.740877 

29 

.938153 

29 

208 

48 

0 

30 

.793893 

30 

.904508 

30 

216 

00 

0 

31 

.842274 

31 

.864484 

31 

223 

12 

0 

32 

.885257 

32 

.818712 

32 

230 

24 

0 

33 

.922164 

33 

.767913 

33 

237 

36 

0 

34 

.952414 

34 

.712890 

34 

244 

48 

0 

35 

.975528 

35 

.654508 

35 

252 

00 

0 

36 

.991144 

36 

.593691 

36 

259 

12 

0 

37 

.999013 

37 

.531395 

37 

266 

24 

0 

38 

.999013 

38 

.468605 

38 

273 

36 

0 

39 

.991144 

39 

.406309 

39 

280 

48 

0 

40 

.975528 

40 

.345492 

40 

288 

00 

0 

41 

.952414 

41 

.287110 

41 

295 

12 

0 

42 

.922164 

42 

.232087 

42 

302 

24 

0 

43 

.885257 

43 

.181288 

43 

309 

36 

0 

44 

.842274 

44 

.135516 

44 

316 

48 

0 

45 

.793893 

45 

.095492 

45 

324 

00 

0 

46 

.740877 

46 

.061847 

46 

331 

12 

0 

47 

.684062 

47 

.035112 

47 

338 

24 

0 

48 

.624345 

48 

.015708 

48 

345 

36 

0 

49 

.562667 

49 

.003943 

49 

352 

48 

0 

50 

.500000 

50 

.000000 

50 

360 

0 

0 
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51 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 



FACTOR FACTOR ANOU OF HOtl 



FOR “A” 

FOR “B” 

♦ 


DEG. 

MIN. 

SEC. 

1 

.438556 

1 

.003790 

1 

7 

3 

31-39 31 

2 

.378043 

2 

.015102 

2 

14 

7 

3-27 51 

3 

.319379 

3 

.033764 

3 

21 

10 

35-15 31 

4 

.263453 

4 

.059494 

4 

28 

14 

7 - 3 51 

5 

.211113 

5 

.091901 

5 

35 

17 

38-42 51 

6 

.163152 

6 

.130496 

6 

42 

21 

10-30 51 

7 

.120298 

7 

.174691 

7 

49 

24 

42-18 51 

8 

.083199 

8 

.223817 

8 

56 

28 

14 - 6 51 

9 

.052418 

9 

.277131 

9 

63 

31 

45-45 31 

10 

.028423 

10 

.333823 

10 

70 

35 

17 - 33-51 




314 
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Google 


Original from 
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COORDINATE FACTORS AND ANGLES 

. FACTOR FACTOR 

FOR “A” FOR “B” f 

— 5 1 

HOLE DIVISION 

ANGLE OF HOLE 

DEG. MIN. SEC. 

11 

.011576 

11 

.393034 

11 

77 

38 

49 - 21/51 

12 

.002133 

12 

.453866 

12 

84 

42 

21 - 9/51 

13 

.000237 

13 

.515398 

13 

91 

45 

52 - 48/51 

14 

.005917 

14 

.576696 

14 

98 

49 

24 - 36/51 

15 

.019087 

15 

.636832 

15 

105 

52 

56 - 24/51 

16 

.039547 

16 

.694893 

16 

112 

56 

28 - 12/51 

17 

.066987 

17 

.750000 

17 

120 

00 

00000000 

18 

.100991 

18 

.801317 

18 

127 

3 

31 - 39/51 

19 

.141044 

19 

.848067 

19 

134 

7 

3 - 27/51 

20 

.186538 

20 

.889540 

20 

141 

10 

35 - 15/51 

21 

.236784 

21 

.925109 

21 

148 

14 

7 - 3/51 

22 

.291020 

22 

.954233 

22 

155 

17 

38 - 42/51 

23 

.348423 

23 

.976471 

23 

162 

21 

10 - 30/51 

24 

.408125 

24 

.991487 

24 

169 

24 

42 - 18/51 

25 

.469220 

25 

.999052 

25 

176 

28 

14 - 6/51 

26 

.530780 

26 

.999052 

26 

183 

31 

45 - 45/51 

27 

.591875 

27 

.991487 

27 

190 

35 

17 - 33/51 

28 

.651577 

28 

.976471 

28 

197 

38 

49 - 21/51 

29 

.708980 

29 

.954233 

29 

204 

42 

21 - 9/51 

30 

.763216 

30 

.925109 

30 

211 

45 

52 - 48/51 

31 

.813462 

31 

.889540 

31 

218 

49 

24 - 36/51 

32 

.858956 

32 

.848067 

32 

225 

52 

56 - 24/51 

33 

.899009 

33 

.801317 

33 

232 

56 

28 - 12/51 

34 

.933013 

34 

.750000 

34 

240 

00 

00000000 

35 

.960453 

35 

.694893 

35 

247 

3 

31 - 39/51 

36 

.980913 

36 

.636832 

36 

254 

7 

3 - 27/51 

37 

.994083 

37 

.576696 

37 

261 

10 

35 - 15/51 

38 

.999763 

38 

.515398 

38 

268 

14 

7 - 3/51 

39 

.997867 

39 

.453866 

39 

275 

17 

38 - 42/51 

40 

.988424 

40 

.393034 

40 

282 

21 

10 - 30/51 

41 

.971577 

41 

.333823 

41 

289 

24 

42 - 18/51 

42 

.947582 

42 

.277131 

42 

296 

28 

14 - 6/51 

43 

.916801 

43 

.223817 

43 

303 

31 

45 - 45/51 

44 

.879702 

44 

.174691 

44 

310 

35 

17 - 33/51 

45 

.836847 

45 

.130496 

45 

317 

38 

49 - 21/51 

46 

.788887 

46 

.091901 

46 

324 

42 

21 - 9/51 

47 

.736547 

47 

.059494 

47 

331 

45 

52 - 48/51 

48 

.680621 

48 

.033764 

48 

338 

49 

24 - 36/51 

49 

.621957 

49 

.015102 

49 

345 

52 

56 - 24/51 

50 

.561444 

50 

.003790 

50 

352 

56 

28 - 12/51 

51 

.500000 

51 

.000000 

51 
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0 
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FOR “A" 

FACTOR 
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♦ 


ANGLE OF 

DEG. MIN. 

HOLE 

SEC. 

1 

.439732 

1 

.003646 

1 

6 

55 

23 - 4/52 

2 

.380342 

2 

.014529 

2 

13 

50 

46 - 8/52 

3 

.322698 

3 

.032492 

3 

20 

46 

9 - 12/52 

4 

.267638 

4 

.057272 

4 

27 

41 

32 - 16/52 

5 

.215968 

5 

.088508 

5 

34 

36 

55 - 20/52 

6 

.168439 

6 

.125745 

6 

41 

32 

18 - 24/52 

7 

.125745 

7 

.168439 

7 

48 

27 

41 - 28/52 

8 

.088508 

8 

.215968 

8 

55 

23 

4 - 32/52 

9 

.057272 

9 

.267638 

9 

62 

18 

27 - 36/52 

10 

.032492 

10 

.322698 

10 

69 

13 

50 - 40/52 

11 

.014529 

11 

.380342 

11 

76 

9 

13 - 44/52 
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FACTOR FACTOR AMPLE OF HOLE 



FOR “A” 

FOR “B” 

♦ 


DEG. 

MIN. 

SEC. 

12 

.003646 

12 

.439732 

12 

83 

4 

36 - 48/52 

13 

.000000 

13 

.500000 

13 

90 

00 

00000000 

14 

.003646 

14 

.560268 

14 

96 

55 

23 - 4/52 

15 

.014529 

15 

.619658 

15 

103 

50 

46 - 8/52 

16 

.032492 

16 

.677302 

16 

110 

46 

9 - 12/52 

17 

.057272 

17 

.732362 

17 

117 

41 

32 - 16/52 

18 

.088508 

18 

.784032 

18 

124 

36 

55 - 20/52 

19 

.125745 

19 

.831561 

19 

131 

32 

18 - 24/52 

20 

.168439 

20 

.874255 

20 

138 

27 

41 - 28/52 

21 

.215968 

21 

.911492 

21 

145 

23 

4 - 32/52 

22 

.267638 

22 

.942728 

22 

152 

18 

27 - 36/52 

23 

.322698 

23 

.967508 

23 

159 

13 

50 - 40/52 

24 

.380342 

24 

.985471 

24 

166 

9 

13 - 44/52 

25 

.439732 

25 

.996354 

25 

173 

4 

36 - 48/52 

26 

.500000 

26 

1.000000 

26 

180 

00 

00000000 

27 

.560268 

27 

.996354 

27 

186 

55 

23 - 4/52 

28 

.619658 

28 

.985471 

28 

193 

50 

46 - 8/52 

29 

.677302 

29 

.967508 

29 

200 

46 

9 - 12/52 

30 

.732362 

30 

.942728 

30 

207 

41 

32 - 16/52 

31 

.784032 

31 

.911492 

31 

214 

36 

55 - 20/52 

32 

.831561 

32 

.874255 

32 

221 

32 

18 - 24/52 

33 

.874255 

33 

.831561 

33 

228 

27 

41 - 28/52 

34 

.911492 

34 

.784032 

34 

235 

23 

4 - 32/52 

35 

.942728 

35 

.732362 

35 

242 

18 

27 - 36/52 

36 

.967508 

36 

.677302 

36 

249 

13 

50 - 40/52 

37 

.985471 

37 

.619658 

37 

256 

9 

13 - 44/52 

38 

.996354 

38 

.560268 

38 

263 

4 

36 - 48/52 

39 

1.000000 

39 

.500000 

39 

270 

00 

00000000 

40 

.996354 

40 

.439732 

40 

276 

55 

23 - 4/52 

41 

.985471 

41 

.380342 

41 

283 

50 

46 - 8/52 

42 

.967508 

42 

.322698 

42 

290 

46 

9 - 12/52 

43 

.942728 

43 

.267638 

43 

297 

41 

32 - 16/52 

44 

.911492 

44 

.215968 

44 

304 

36 

55 - 20/52 

45 

.874255 

45 

.168439 

45 

311 

32 

18 - 24/52 

46 

.831561 

46 

.125745 

46 

318 

27 

41 - 28/52 

47 

.784032 

47 

.088508 

47 

325 

23 

4 - 32/52 

48 

.732362 

48 

.057272 

48 

332 

18 

27 - 36/52 

49 

.677302 

49 

.032492 

49 

339 

13 

50 - 40/52 

50 

.619658 

50 

.014529 

50 

346 

9 

13 - 44/52 

51 

. 560268 

51 

.003646 

51 

353 

4 

36 - 48/52 

52 

.500000 

52 

.000000 

52 

360 

0 
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DEO. 

MIN. 

SEC. 

1 

.440863 

1 

.003510 

1 

6 

47 

32 - 44/53 

2 

.382557 

2 

.013989 

2 

13 

35 

5 - 35/53 

3 

.325899 

3 

.031290 

3 

20 

22 

38 - 26/53 

4 

.271685 

4 

.055172 

4 

27 

10 

11 - 17/53 

5 

.220677 

5 

.085299 

5 

33 

57 

44 - 8/53 

6 

.173590 

6 

121244 

6 

40 

45 

16-52 53 

7 

.131083 

7 

.162509 

7 

47 

32 

49-43 53 

8 

.093757 

8 

.208510 

8 

54 

20 

22-34 53 

9 

.062133 

9 

.258603 

9 

61 

7 

55 - 25/53 

10 

.036655 

10 

.312086 

10 

67 

55 

28-16 53 

11 

.017682 

11 

.368206 

11 

74 

43 

1 - 7 53 
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FACTOR FACTOR _ ANOtE OF HOIE 



FOR “A” 

FOR “B” 

* 


DEO. 

MIN. 

SEC. 

12 

.005480 

12 

.426177 

12 

81 

30 

33 - 51/53 

13 

.000220 

13 

.485183 

13 

88 

18 

6 - 42/53 

14 

.001975 

14 

.544398 

14 

95 

5 

39 - 33/53 

15 

.010722 

15 

.602990 

15 

101 

53 

12 - 24/53 

16 

.026337 

16 

.660135 

16 

108 

40 

45 - 15/53 

17 

.048601 

17 

.715033 

17 

115 

28 

18 - 6/53 

18 

.077202 

18 

.766912 

18 

122 

15 

50 - 50/53 

19 

.111738 

19 

.815044 

19 

129 

3 

23 - 41/53 

20 

.151725 

20 

.858754 

20 

135 

50 

56 - 32/53 

21 

.196600 

21 

.897427 

21 

142 

38 

29 - 23/53 

22 

.245734 

22 

.930522 

22 

149 

26 

2 - 14/53 

23 

.298438 

23 

.957573 

23 

156 

13 

35 - 5/53 

24 

.353972 

24 

.978201 

24 

163 

1 

7 - 49/53 

25 

.411555 

25 

.992115 

25 

169 

48 

40 - 40/53 

26 

.470380 

26 

.999122 

26 

176 

36 

13 - 31/53 

27 

.529620 

27 

.999122 

27 

183 

23 

46 - 22/53 

28 

.588445 

28 

.992115 

28 

190 

11 

19 - 13/53 

29 

.646028 

29 

.978201 

29 

196 

58 

52 - 4/53 

30 

.701562 

30 

.957573 

30 

203 

46 

24 - 48/53 

31 

.754266 

31 

.930522 

31 

210 

33 

57 - 39/53 

32 

.803400 

32 

.897427 

32 

217 

21 

30 - 30/53 

33 

.848276 

33 

.858754 

33 

224 

9 

3 - 21/53 

34 

.888262 

34 

.815044 

34 

230 

56 

36 - 12/53 

35 

.922798 

35 

.766912 

35 

237 

44 

9 - 3/53 

36 

.951399 

36 

.715033 

36 

244 

31 

41 - 47/53 

37 

.973663 

37 

.660135 

37 

251 

19 

14 - 38/53 

38 

.989278 

38 

. 602990 

38 

258 

6 

47 - 29/53 

39 

.998025 

39 

.544398 

39 

264 

54 

20 - 20/53 

40 

.999780 

40 

.485183 

40 

271 

41 

53 - 11/53 

41 

.994520 

41 

.426177 

41 

278 

29 

26 - 2/53 

42 

982318 

42 

.368206 

42 

285 

16 

58 - 46/53 

43 

.963345 

43 

.312086 

43 

292 

4 

31 - 37/53 

44 

.937868 

44 

.258603 

44 

298 

52 

4 - 28/53 

45 

.906243 

45 

.208510 

45 

305 

39 

37 - 19/53 

46 

.868917 

46 

.162509 

46 

312 

27 

10 - 10/53 

47 

.826410 

47 

.121244 

47 

319 

14 

43 - 1/53 

48 

.779323 

48 

.085299 

48 

326 

2 

15 - 45/53 

49 

.728315 

49 

.055172 

49 

332 

49 

48 - 36/53 

50 

.674101 

50 

.031290 

50 

339 

37 

21 - 27/53 

51 

.617443 

51 

.013989 

51 

346 

24 

54 - 18/53 

52 

.559137 

52 

.003510 

52 

353 

12 

27 - 9/53 

53 

.500000 

53 

. 000000 

53 

360 

0 
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FACTOR 
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FACTOR 

FOR “B” f 



ANGLE OF HOLE 

DEG. MIN. SEC. 

1 

.441954 

1 

.003381 

1 


6 

40 

0 

2 

.384692 

2 

.013478 

2 


13 

20 

0 

3 

.328990 

3 

.030154 

3 


20 

00 

0 

4 

.275600 

4 

.053184 

4 


26 

40 

0 

5 

.225246 

5 

.082256 

5 


33 

20 

0 

6 

.178606 

6 

.116978 

6 


40 

00 

0 

7 

.136313 

7 

.156879 

7 


46 

40 

0 

8 

.098938 

8 

.201421 

8 


53 

20 

0 

9 

.066987 

9 

.250000 

9 


60 

00 

0 

10 

.040892 

10 

.301960 

10 


66 

40 

0 

11 

.021005 

11 

.356598 

11 


73 

20 

0 
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DEG. 

MIN. 

SEC. 

12 

.007596 

12 

.413176 

12 

80 

00 

0 

13 

.000846 

13 

.470928 

13 

86 

40 

0 

14 

.000846 

14 

.529072 

14 

93 

20 

0 

15 

.007596 

15 

.586824 

15 

100 

00 

0 

16 

.021005 

16 

.643402 

16 

106 

40 

0 

17 

.040892 

17 

.698040 

17 

113 

20 

0 

18 

.066987 

18 

.750000 

18 

120 

00 

0 

19 

.098938 

19 

.798579 

19 

126 

40 

0 

20 

.136313 

20 

.843121 

20 

133 

20 

0 

21 

.178606 

21 

.883022 

21 

140 

00 

0 

22 

.225246 

22 

.917744 

22 

146 

40 

0 

23 

.275600 

23 

.946816 

23 

153 

20 

0 

24 

.328990 

24 

.969846 

24 

160 

00 

0 

25 

.384692 

25 

.986522 

25 

166 

40 

0 

26 

.441954 

26 

.996619 

26 

173 

20 

0 

27 

.500000 

27 

1.000000 

27 

180 

00 

0 

28 

.558046 

28 

.996619 

28 

186 

40 

0 

29 

.615308 

29 

.986522 

29 

193 

20 

0 

30 

.671010 

30 

.969846 

30 

200 

00 

0 

31 

.724400 

31 

.946816 

31 

206 

40 

0 

32 

.774755 

32 

.917744 

32 

213 

20 

0 

33 

.821394 

33 

.883022 

33 

220 

00 

0 

34 

.863687 

34 

.843121 

34 

226 

40 

0 

35 

.901062 

35 

.798579 

35 

233 

20 

0 

36 

.933013 

36 

.750000 

36 

240 

00 

0 

37 

.959108 

37 

.698040 

37 

246 

40 

0 

38 

.978995 

38 

.643402 

38 

253 

20 

0 

39 

.992404 

39 

.586824 

39 

260 

00 

0 

40 

.999154 

40 

.529072 

40 

266 

40 

0 

41 

.999154 

41 

.470928 

41 

273 

20 

0 

42 

.992404 

42 

.413176 

42 

280 

00 

0 

43 

.978995 

43 

.356598 

43 

286 

40 

0 

44 

.959108 

44 

.301960 

44 

293 

20 

0 

45 

.933013 

45 

.250000 

45 

300 

00 

0 

46 

.901062 

46 

.201421 

46 

306 

40 

0 

47 

.863687 

47 

.156879 

47 

313 

20 

0 

48 

.821394 

48 

.116978 

48 

320 

00 

0 

49 

.774755 

49 

.082256 

49 

326 

40 

0 

50 

.724400 

50 

.053184 

50 

333 

20 

0 

51 

.671010 

51 

.030154 

51 

340 

00 

0 

52 

.615308 

52 

.013478 

52 

346 

40 

0 

53 

.558046 

53 

.003381 

53 

353 

20 

0 

54 

.500000 

54 

.000000 

54 

360 

0 

0 


321 


Digitized by 



Original from 

UNIVERSITY OF MICHIGAN 



55 HOLE DIVISION — COORDINATE FACTORS AND ANGL'ES 




FACTOR 

FOR ••A” 
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ANGLE OF 

HOLE 

DEG. 

MIN. 

SEC. 

1 

.443004 

1 

.003259 

1 

6 

32 

43 - 35/55 

2 

.386752 

2 

.012994 

2 

13 

5 

27 - 15/55 

3 

.331975 

3 

.029078 

3 

19 

38 

10-50 55 

4 

.279389 

4 

.051301 

4 

26 

10 

54 - 30/55 

5 

.229680 

5 

.079373 

5 

32 

43 

38 - 10/55 

6 

.183494 

6 

.112929 

6 

39 

16 

21 - 45/55 

7 

.141434 

7 

.151531 

7 

45 

49 

5 - 25/55 

8 

.104049 

8 

.194678 

8 

52 

21 

49 - 5/55 

9 

.071826 

9 

.241801 

9 

58 

54 

32 - 40/55 

10 

.045184 

10 

.292293 

10 

65 

27 

16 - 20/55 

11 

.024472 

11 

.345492 

11 

72 

00 
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FOR “A” 

FOR "B" 

» 


DEO. 

MIN. 

SEC. 

12 

.009957 

12 

.400705 

12 

78 

32 

43 - 35/55 

13 

.001834 

13 

.457213 

13 

85 

5 

27 - 15/55 

14 

.000204 

14 

.514278 

14 

91 

38 

10 - 50/55 

15 

.005089 

15 

.571157 

15 

98 

10 

54 - 30/55 

16 

.016427 

16 

.627109 

16 

104 

43 

38 - 10/55 

17 

.034068 

17 

.681404 

17 

111 

16 

21 - 45/55 

18 

.057784 

18 

.733334 

18 

117 

49 

5 - 25/55 

19 

.087264 

19 

.782222 

19 

124 

21 

49 - 5/55 

20 

.122125 

20 

.827430 

20 

130 

54 

32 - 40/55 

21 

.161913 

21 

.868371 

21 

137 

27 

16 - 20/55 

22 

.206107 

22 

.904509 

22 

144 

00 

00000000 

23 

.254134 

23 

.935373 

23 

150 

32 

43 - 35/55 

24 

.305365 

24 

.960562 

24 

157 

5 

27 - 15/55 

25 

.359134 

25 

.979747 

25 

163 

38 

10 - 50/55 

26 

.414739 

26 

.992677 

26 

170 

10 

54 - 30/55 

27 

.471456 

27 

.999185 

27 

176 

43 

38 - 10/55 

28 

.528544 

28 

.999185 

28 

183 

16 

21 - 45/55 

29 

.585261 

29 

.992677 

29 

189 

49 

5 - 25/55 

30 

.640866 

30 

.979747 

30 

196 

21 

49 - 5/55 

31 

.694635 

31 

.960562 

31 

202 

54 

32 - 40/55 

32 

.745867 

32 

.935373 

32 

209 

27 

16 - 20/55 

33 

.793893 

33 

.904509 

33 

216 

00 

00000000 

34 

.838087 

34 

.868371 

34 

222 

32 

43 - 35/55 

35 

.877875 

35 

.827430 

35 

229 

5 

27 - 15/55 

36 

.912736 

36 

.782222 

36 

235 

38 

10 - 50/55 

37 

.942217 

37 

.733334 

37 

242 

10 

54 - 30/55 

38 

.965932 

38 

.681404 

38 

248 

43 

38 - 10/55 

39 

.983573 

39 

.627109 

39 

255 

16 

21 - 45/55 

40 

.994911 

40 

.571157 

40 

261 

49 

5 - 25/55 

41 

.999796 

41 

.514278 

41 

268 

21 

49 - 5/55 

42 

.998166 

42 

.457213 

42 

274 

54 

32 - 40/55 

43 

.990041 

43 

.400705 

43 

281 

27 

16 - 20/55 

44 

.975528 

44 

.345492 

44 

288 

00 

00000000 

45 

.954816 

45 

.292293 

45 

294 

32 

43 - 35/55 

46 

.928175 

46 

.241801 

46 

301 

5 

27 - 15/55 

47 

.895951 

47 

.194678 

47 

307 

38 

10 - 50/55 

48 

.858566 

48 

.151531 

48 

314 

10 

54 - 30/55 

49 

.816506 

49 

.112929 

49 

320 

43 

38 - 10/55 

50 

.770321 

50 

.079373 

50 

327 

16 

21 - 45/55 

51 

.720611 

51 

.051301 

51 

333 

49 

5 - 25/55 

52 

.668025 

52 

.029078 

52 

340 

21 

49 - 5/55 

53 

.613249 

53 

.012994 

53 

346 

54 

32 - 40/55 

54 

.556996 

54 

.003259 

54 

353 

27 

16 - 20/55 

55 

.500000 

55 

.000000 

55 

360 

0 
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FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR “A” 

FOR “B” 

♦ 


DEG. 

MIN. 

SEC 

1 

.444018 

1 

.003144 

1 

6 

25 

42 - 48/56 

2 

.388740 

2 

.012536 

2 

12 

51 

25 - 40/56 

3 

.334861 

3 

.028058 

3 

19 

17 

8 - 32/56 

4 

.283058 

4 

.049516 

4 

25 

42 

51 - 24/56 

5 

.233984 

5 

.076638 

5 

32 

8 

34 - 16/56 

6 

.188255 

6 

.109084 

6 

38 

34 

17 - 8 56 

7 

.146447 

7 

.146447 

7 

45 

00 

00000000 

8 

.109084 

8 

.188255 

8 

51 

25 

42 - 48/56 

9 

.076638 

9 

.233984 

9 

57 

51 

25 - 40/56 

10 

.049516 

10 

.283058 

10 

64 

17 

8 - 32/56 

11 

.028058 

11 

.334861 

11 

70 

42 

51-24 56 
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Digitized by QoOQIC 



Original from 

UNIVERSITY OF MICHIGAN 






COORDINATE FACTORS AND ANGLES —56 HOLE DIVISION 


FACTOR FACTOR ANGLE OF HOLE 



FOR “A" 

FOR “B" 

♦ 



DEO. 

MIN. 

SEC. 

12 

.012536 

12 

.388740 

12 


77 

8 

34 - 16/56 

13 

.003144 

13 

.444018 

13 


83 

34 

17 - 8/56 

14 

.000000 

14 

.500000 

14 


90 

00 

00000000 

15 

.003144 

15 

.555982 

15 


96 

25 

42 - 48/56 

16 

.012536 

16 

.611261 

16 


102 

51 

25 - 40/56 

17 

.028058 

17 

.665140 

17 


109 

17 

8 - 32/56 

18 

.049516 

18 

.716942 

18 


115 

42 

51 - 24/56 

19 

.076638 

19 

.766016 

19 


122 

8 

34 - 16/56 

20 

.109084 

20 

.811745 

20 


128 

34 

17 - 8/56 

21 

.146447 

21 

.853553 

21 


135 

00 

00000000 

22 

.188255 

22 

.890916 

22 


141 

25 

42 - 48/56 

23 

.233984 

23 

.923362 

23 


147 

51 

25 - 40/56 

24 

.283058 

24 

.950484 

24 


154 

17 

8 - 32/56 

25 

.334861 

25 

.971942 

25 


160 

42 

51 - 24/56 

26 

.388740 

26 

.987464 

26 


167 

8 

34 - 16/56 

27 

.444018 

27 

.996856 

27 


173 

34 

17 - 8/56 

28 

.500000 

28 

1.000000 

28 


180 

00 

00000000 

29 

.555982 

29 

.996856 

29 


186 

25 

42 - 48/56 

30 

.611261 

30 

.987464 

30 


192 

51 

25 - 40/56 

31 

.665140 

31 

.971942 

31 


199 

17 

8 - 32/56 

32 

.716942 

32 

.950484 

32 


205 

42 

51 - 24/56 

33 

.766016 

33 

.923362 

33 


212 

8 

34 - 16/56 

34 

.811745 

34 

.890916 

34 


218 

34 

17 - 8/56 

35 

.853553 

35 

.853553 

35 


225 

00 

00000000 

36 

.890916 

36 

.811745 

36 


231 

25 

42 - 48/56 

37 

.923362 

37 

.766016 

37 


237 

51 

25 - 40/56 

38 

.950484 

38 

.716942 

38 


244 

17 

8 - 32/56 

39 

.971942 

39 

.665140 

39 


250 

42 

51 - 24/56 

40 

.987464 

40 

.611261 

40 


257 

8 

34 - 16/56 

41 

.996856 

41 

.555982 

41 


263 

34 

17 - 8/56 

42 

1.000000 

42 

.500000 

42 


270 

00 

00000000 

43 

.996856 

43 

.444018 

43 


276 

25 

42 - 48/56 

44 

.987464 

44 

.388740 

44 


282 

51 

25 - 40/56 

45 

.971942 

45 

.334861 

45 


289 

17 

8 - 32/56 

46 

.950484 

46 

.283058 

46 


295 

42 

51 - 24/56 

47 

.923362 

47 

.233984 

47 


302 

8 

34 - 16/56 

48 

.890916 

48 

.188255 

48 


308 

34 

17 - 8/56 

49 

.853553 

49 

.146447 

49 


315 

00 

00000000 

50 

.811745 

50 

.109084 

50 


321 

25 

42 - 48/56 

51 

.766016 

51 

.076638 

51 


327 

51 

25 - 40/56 

52 

.716942 

52 

.049516 

52 


334 

17 

8 - 32/56 

53 

.665140 

53 

.028058 

53 


340 

42 

51 - 24/56 

54 

.611261 

54 

.012536 

54 


347 

8 

34 - 16/56 

55 

.555982 

55 

.003144 

55 


353 

34 

17 - 8/56 

56 

.500000 

56 

.000000 

56 


360 

0 

0 
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Digitized by 


Gck igle 


Original from 

UNIVERSITY OF MICHIGAN 



57 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 




FACTOR 

FOR "A” 

FACTOR 

FOR "B” 

♦ 


ANGIE OF 

DEG. MIN. 

HOLE 

SEC 

1 

.444996 

1 

.003035 

1 

6 

18 

56 - 48/57 

2 

.390660 

2 

.012102 

2 

12 

37 

53 - 39/57 

3 

.337650 

3 

.027091 

3 

18 

56 

50 - 30/57 

4 

.286612 

4 

.047822 

4 

25 

15 

47 - 21/57 

5 

.238164 

5 

.074040 

5 

31 

34 

44 - 12/57 

6 

.192894 

6 

.105430 

6 

37 

53 

41 - 3/57 

7 

.151352 

7 

.141609 

7 

44 

12 

37 - 51/57 

8 

.114042 

8 

.182138 

8 

50 

31 

34 - 42/57 

9 

.081417 

9 

.226526 

9 

56 

50 

31 - 33/57 

10 

.053873 

10 

.274233 

10 

63 

9 

28 - 24/57 

11 

.031744 

11 

.324681 

11 

69 

28 

25 - 15/57 
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Digitized by 


Go 'gle 


Original from 

UNIVERSITY OF MICHIGAN 




COORDINATE FACTORS AND ANGLES 

— 57 

HOLE 

DIVISION 


^ FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR “A” 

FOR M B” 

♦ 


DEG. 

MIN. 

SEC. 

12 

.015300 

12 

.377257 

12 

75 

47 

22 - 6/57 

13 

.004739 

13 

.431323 

13 

82 

6 

18 - 54/57 

14 

.000190 

14 

.486223 

14 

88 

25 

15 - 45/57 

15 

.001708 

15 

.541290 

15 

94 

44 

12 - 36/57 

16 

.009274 

16 

.595855 

16 

101 

3 

9 - 27/57 

17 

.022798 

17 

.649257 

17 

107 

22 

6 - 18/57 

18 

.042113 

18 

.700848 

18 

113 

41 

3 - 9/57 

19 

.066987 

19 

.750000 

19 

120 

00 

00000000 

20 

.097118 

20 

.796118 

20 

126 

18 

56 - 48/57 

21 

.132138 

21 

.838641 

21 

132 

37 

53 - 39/57 

22 

.171624 

22 

.877054 

22 

138 

56 

50 - 30/57 

23 

.215096 

23 

.910889 

23 

145 

15 

47 - 21/57 

24 

. 262026 

24 

.939737 

24 

151 

34 

44 - 12/57 

25 

.311845 

25 

.963247 

25 

157 

53 

41 - 3/57 

26 

.363948 

26 

.981134 

26 

164 

12 

37 - 51/57 

27 

.417703 

27 

.993181 

27 

170 

31 

34 - 42/57 

28 

.472456 

28 

.999241 

28 

176 

50 

31 - 33/57 

29 

.527544 

29 

.999241 

29 

183 

9 

28 - 24/57 

30 

.582297 

30 

.993181 

30 

189 

28 

25 - 15/57 

31 

.636052 

31 

.981134 

31 

195 

47 

22 - 6/57 

32 

.688155 

32 

.963247 

32 

202 

6 

18 - 54/57 

33 

.737974 

33 

.939737 

33 

208 

25 

15 - 45/57 

34 

.784904 

34 

.910889 

34 

214 

44 

12 - 36/57 

35 

.828376 

35 

.877054 

35 

221 

3 

9 - 27/57 

36 

.867862 

36 

.838641 

36 

227 

22 

6 - 18/57 

37 

.902883 

37 

.796118 

37 

233 

41 

3 - 9/57 

38 

.933013 

38 

.750000 

38 

240 

00 

00000000 

39 

.957887 

39 

.700848 

39 

246 

18 

56 - 48/57 

40 

.977203 

40 

.649257 

40 

252 

37 

53 - 39/57 

41 

.990726 

41 

.595855 

41 

258 

56 

50 - 30/57 

42 

.998292 

42 

.541290 

42 

265 

15 

47 - 21/57 

43 

.999810 

43 

.486223 

43 

271 

34 

44 - 12/57 

44 

.995261 

44 

.431323 

44 

277 

53 

41 - 3/57 

45 

.984700 

45 

.377257 

45 

284 

12 

37 - 51/57 

46 

.968256 

46 

.324681 

46 

290 

31 

34 - 42/57 

47 

.946127 

47 

.274233 

47 

296 

50 

31 - 33/57 

48 

.918583 

48 

.226526 

48 

303 

9 

28 - 24/57 

49 

.885958 

49 

.182138 

49 

309 

28 

25 - 15/57 

50 

.848648 

50 

.141609 

50 

315 

47 

22 - 6/57 

51 

.807106 

51 

.105430 

51 

322 

6 

18 - 54/57 

52 

.761837 

52 

.074040 

52 

328 

25 

15 - 45/57 

53 

.713388 

53 

.047822 

53 

334 

44 

12 - 36/57 

54 

.662350 

54 

.027091 

54 

341 

3 

9 - 27/57 

55 

.609340 

55 

.012102 

55 

347 

22 

6 - 18/57 

56 

.555004 

56 

.003035 

56 

353 

41 

3 - 9/57 

57 

.500000 

57 

.000000 

57 

360 

0 

0 
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Gck igle 


Original from 
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58 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 




FACTOR 

FACTOR 



ANOLE OF 

HOLE 


FOR “A” 

FOR “B” 

♦ 


DEO. 

MIN. 

SEC. 

1 

.445941 

1 

.002931 

1 

6 

12 

24 - 48/58 

2 

.392515 

2 

.011689 

2 

12 

24 

49 - 38/58 

3 

.340349 

3 

.026173 

3 

18 

37 

14 - 28/58 

4 

.290056 

4 

.046212 

4 

24 

49 

39 - 18/58 

5 

.242223 

5 

.071571 

5 

31 

2 

4 - 8 58 

6 

.197413 

6 

.101954 

6 

37 

14 

28 - 56/58 

7 

.156150 

7 

.137002 

7 

43 

26 

53 - 46/58 

8 

.118919 

8 

.176305 

8 

49 

39 

18 - 36/58 

9 

.086155 

9 

.219407 

9 

55 

51 

43 - 26/58 

10 

.058244 

10 

.265796 

10 

62 

4 

8 - 16/58 

11 

.035511 

11 

.314931 

11 

68 

16 

33 - 6/58 

12 

.018225 

12 

.366236 

12 

74 

28 

57 - 54/58 
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Digitized by 


Go 'gle 


Original from 

UNIVERSITY OF MICHIGAN 




COORDINATE FACTORS 

AND ANGLES 

— 58 

HOLE 

DIVISION 


FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR "A” 

FOR 

««£*• 

♦ 


DEG. 

MIN. 

SEC. 

13 

.006587 

13 


.419109 

13 

80 

41 

22 - 44/58 

14 

.000733 

14 


.472931 

14 

86 

53 

47 - 34/58 

15 

.000733 

15 


.527070 

15 

93 

6 

12 - 24/58 

16 

.006587 

16 


.580891 

16 

99 

18 

37 - 14/58 

17 

.018225 

17 


.633764 

17 

105 

31 

2 - 4/58 

18 

.035512 

18 


.685069 

18 

111 

43 

26 - 52/58 

19 

.058244 

19 


.734204 

19 

117 

55 

51 - 42/58 

20 

.086155 

20 


.780594 

20 

124 

8 

16 - 32/58 

21 

.118919 

21 


.823695 

21 

130 

20 

41 - 22/58 

22 

.156150 

22 


.862998 

22 

136 

33 

6 - 12/58 

23 

.197413 

23 


.898047 

23 

142 

45 

31 - 2/58 

24 

.242223 

24 


.928429 

24 

148 

57 

55 - 50/58 

25 

.290056 

25 


.953788 

25 

155 

10 

20 - 40/58 

26 

.340349 

26 


.973827 

26 

161 

22 

45 - 30/58 

27 

.392515 

27 


.988311 

27 

167 

35 

10 - 20/58 

28 

.445941 

28 


.997069 

28 

173 

47 

35 - 10/58 

29 

.500000 

29 


1.000000 

29 

180 

00 

00000000 

30 

.554060 

30 


.997069 

30 

186 

12 

24 - 48/58 

31 

.607485 

31 


.988311 

31 

192 

24 

49 - 38/58 

32 

.659651 

32 


.973827 

32 

198 

37 

14 - 28/58 

33 

.709945 

33 


.953788 

33 

204 

49 

39 - 18/58 

34 

.757777 

34 


.928429 

34 

211 

2 

4 - 8/58 

35 

.802587 

35 


.898047 

35 

217 

14 

28 - 56/58 

36 

.843850 

36 


.862998 

36 

223 

26 

53 - 46/58 

37 

.881081 

37 


.823695 

37 

229 

39 

18 - 36/58 

38 

.913845 

38 


.780594 

38 

235 

51 

43 - 26/58 

39 

.941756 

39 


.734204 

39 

242 

4 

8 - 16/58 

40 

.964488 

40 


.685069 

40 

248 

16 

33 - 6/58 

41 

.981775 

41 


.633764 

41 

254 

28 

57 - 54/58 

42 

.993413 

42 


.580891 

42 

260 

41 

22 - 44/58 

43 

.999267 

43 


.527070 

43 

266 

53 

47 - 34/58 

44 

.999267 

44 


.472931 

44 

273 

6 

12 - 24/58 

45 

.993413 

45 


.419109 

45 

279 

18 

37 - 14/58 

46 

.981775 

46 


.366236 

46 

285 

31 

2 - 4/58 

47 

.964488 

47 


.314931 

47 

291 

43 

26 - 52/58 

48 

.941756 

48 


.265796 

48 

297 

55 

51 - 42/58 

49 

.913845 

49 


.219407 

49 

304 

8 

16 - 32/58 

50 

.881081 

50 


.176305 

50 

310 

20 

41 - 22/58 

51 

.843850 

51 


.137002 

51 

316 

33 

6 - 12/58 

52 

.802587 

52 


.101954 

52 

322 

45 

31 - 2/58 

53 

.757777 

53 


.071571 

53 

328 

57 

55 - 50/58 

54 

.709945 

54 


.046212 

54 

335 

10 

20 - 40/58 

55 

.659651 

55 


.026173 

55 

341 

22 

45 - 30/58 

56 

.607485 

56 


.011689 

56 

347 

35 

10 - 20/58 

57 

.554060 

57 


.002931 

57 

353 

47 

35 - 10/58 

58 

.500000 

58 


.000000 

58 

360 

0 

0 
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Digitized by boogie 


Original from 

UNIVERSITY OF MICHIGAN 



59 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 




FACTOR 

FOR M A” 

FACTOR 

FOR "B” 

♦ 


ANGLE OF HOLE 

DEG. MIN. SEC. 

1 

.446853 

1 

.002833 

1 

6 

6 

6 - 6 59 

2 

.394309 

2 

.011298 

2 

12 

12 

12-12 59 

3 

.342962 

3 

.025301 

3 

18 

18 

18-18 59 

4 

.293394 

4 

.044682 

4 

24 

24 

24 - 24,59 

5 

.246167 

5 

.069223 

5 

30 

30 

30-30 59 

6 

.201816 

6 

.098644 

6 

36 

36 

36 - 36/59 

7 

.160844 

7 

.132613 

7 

42 

42 

42 - 42 , 59 

8 

.123715 

8 

.170744 

8 

48 

48 

48-48 59 

9 

.090849 

9 

.212606 

9 

54 

54 

54-54 59 

10 

.062619 

10 

.257725 

10 

61 

1 

1 - 1 59 

11 

.039344 

11 

.305588 

11 

67 

7 

7 - 7 . 59 

12 

.021289 

12 

.355654 

12 

73 

13 

13-13 59 
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Digitized by 


Gck igle 


Original from 

UNIVERSITY OF MICHIGAN 






COORDINATE FACTORS AND ANGLES —59 HOLE DIVISION 


FACTOR FACTOR ANOtE OF HOIE 



FOR “A” 

FOR 4 , B” 

♦ 


DEO. 

MIN. 

SEC. 

13 

.008658 

13 

.407356 

13 

79 

19 

19 - 19/59 

14 

.001594 

14 

.460107 

14 

85 

25 

25 - 25/59 

15 

.000177 

15 

.513310 

15 

91 

31 

31 - 31/59 

16 

.004424 

16 

.566363 

16 

97 

37 

37 - 37/59 

17 

.014285 

17 

.618663 

17 

103 

43 

43 - 43/59 

18 

.029650 

18 

.669619 

18 

109 

49 

49 - 49/59 

19 

.050344 

19 

.718654 

19 

115 

55 

55 - 55/59 

20 

.076133 

20 

.765210 

20 

122 

2 

2 - 2/59 

21 

.106724 

21 

.808762 

21 

128 

8 

8 - 8/59 

22 

.141772 

22 

.848816 

22 

134 

14 

14 - 14/59 

23 

.180878 

23 

.884917 

23 

140 

20 

20 - 20/59 

24 

.223600 

24 

.916657 

24 

146 

26 

26 - 26/59 

25 

.269454 

25 

.943676 

25 

152 

32 

32 - 32/59 

26 

.317920 

26 

.965668 

26 

158 

38 

38 - 38/59 

27 

.368449 

27 

.982384 

27 

164 

44 

44 - 44/59 

28 

.420469 

28 

.993634 

28 

170 

50 

50 - 50/59 

29 

.473389 

29 

.999291 

29 

176 

56 

56 - 56/59 

30 

.526611 

30 

.999291 

30 

183 

3 

3 - 3/59 

31 

.579532 

31 

.993634 

31 

189 

9 

9 - 9/59 

32 

.631551 

32 

.982384 

32 

195 

15 

15 - 15/59 

33 

. 682080 . 

33 

.965668 

33 

201 

21 

21 - 21/59 

34 

.730546 

34 

.943676 

34 

207 

27 

27 - 27/59 

35 

.776400 

35 

.916657 

35 

213 

33 

33 - 33/59 

36 

.819122 

36 

.884917 

36 

219 

39 

39 - 39/59 

37 

.858228 

37 

.848816 

37 * 

225 

45 

45 - 45/59 

38 

.893276 

38 

.808762 

38 

231 

51 

51 - 51/59 

39 

.923867 

39 

.765210 

39 

237 

57 

57 - 57/59 

40 

.949656 

40 

.718654 

40 

244 

4 

4 - 4/59 

41 

.970350 

41 

.669619 

41 

250 

10 

10 - 10/59 

42 

.985715 

42 

.618663 

42 

256 

16 

16 - 16/59 

43 

.995576 

43 

.566363 

43 

262 

22 

22 - 22/59 

44 

.999823 

44 

.513310 

44 

268 

28 

28 - 28/59 

45 

.998406 

45 

.460107 

45 

274 

34 

34 - 34/59 

46 

.991342 

46 

.407356 

46 

280 

40 

40 - 40/59 

47 

.978711 

47 

.355654 

47 

286 

46 

46 - 46/59 

48 

.960656 

48 

.305588 

48 

292 

52 

52 - 52/59 

49 

.937382 

49 

.257725 

49 

298 

58 

58 - 58/59 

50 

.909151 

50 

.212606 

50 

305 

5 

5 - 5/59 

51 

.876285 

51 

.170744 

51 

311 

11 

11 - 11/59 

52 

.839156 

52 

.132613 

52 

317 

17 

17 - 17/59 

53 

.798184 

53 

.098644 

53 

323 

23 

23 - 23/59 

54 

.753833 

54 

.069223 

54 

329 

29 

29 - 29/59 

55 

.706606 

55 

.044682 

55 

335 

35 

35 - 35/59 

56 

.657038 

56 

.025301 

56 

341 

41 

41 - 41/59 

57 

.605691 

57 

.011298 

57 

347 

47 

47 - 47/59 

58 

.553147 

58 

.002833 

58 

353 

53 

53 - 53/59 

59 

.500000 

59 

.000000 

59 

360 

0 

0 
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60 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 




FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR “A” 

FOR “B" 

♦ 


DEG. 

MIN. 

SEC. 

1 

.447736 

1 

.002739 

1 

6 

0 

0 

2 

.396044 

2 

.010926 

2 

12 

0 

0 

3 

.345492 

3 

.024472 

3 

18 

0 

0 

4 

.296632 

4 

.043227 

4 

24 

0 

0 

5 

.250000 

5 

.066988 

5 

30 

0 

0 

6 

.206107 

6 

.095492 

6 

36 

0 

0 

7 

.165435 

7 

.128428 

7 

42 

0 

0 

8 

.128428 

8 

.165435 

8 

48 

0 

0 

9 

.095492 

9 

.206107 

9 

54 

0 

0 

10 

.066987 

10 

.250000 

10 

60 

0 

0 

11 

.043227 

11 

.296632 

11 

66 

0 

0 

12 

.024472 

12 

.345492 

12 

72 

0 

0 


332 
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COORDINATE FACTORS AND ANGLES —60 HOLE DIVISION 



FACTOR 

FOR “A” 

FACTOR 

FOR “B” 

* 


ANGLE OF 

HOLE 

DEG. 

MIN. 

SEC. 

13 

.010926 

13 

.396044 

13 

78 

0 

0 

14 

.002739 

14 

.447736 

14 

84 

0 

0 

15 

.000000 

15 

.500000 

15 

90 

0 

0 

16 

.002739 

16 

.552264 

16 

96 

0 

0 

17 

.010926 

17 

.603956 

17 

102 

0 

0 

18 

.024472 

18 

.654509 

18 

108 

0 

0 

19 

.043227 

19 

.703368 

19 

114 

0 

0 

20 

.066987 

20 

.750000 

20 

120 

0 

0 

21 

.095492 

21 

.793893 

21 

126 

0 

0 

22 

.128428 

22 

.834565 

22 

132 

0 

0 

23 

.165435 

23 

.871572 

23 

138 

0 

0 

24 

.206107 

24 

.904509 

24 

144 

0 

0 

25 

.250000 

25 

.933013 

25 

150 

0 

0 

26 

.296632 

26 

.956773 

26 

156 

0 

0 

27 

.345492 

27 

.975528 

27 

162 

0 

0 

28 

.396044 

28 

.989074 

28 

168 

0 

0 

29 

.447736 

29 

.997261 

29 

174 

0 

0 

30 

.500000 

30 

1.000000 

30 

180 

0 

0 

31 

.552264 

31 

.997261 

31 

186 

0 

0 

32 

.603956 

32 

.989074 

32 

192 

0 

0 

33 

.654509 

33 

.975528 

33 

198 

0 

0 

34 

.703368 

34 

.956773 

34 

204 

0 

0 

35 

.750000 

35 

.933013 

35 

210 

0 

0 

36 

.793893 

36 

.904509 

36 

216 

0 

0 

37 

.834565 

37 

.871572 

37 

222 

0 

0 

38 - 

.871572 

38 

.834565 

38 

228 

0 

0 

39 

.904509 

39 

.793893 

39 

234 

0 

0 

40 

.933013 

40 

.750000 

40 

240 

0 

0 

41 

.956773 

41 

.703368 

41 

246 

0 

0 

42 

.975528 

42 

.654509 

42 

252 

0 

0 

43 

.989074 

43 

.603956 

43 

258 

0 

0 

44 

.997261 

44 

.552264 

44 

264 

0 

0 

45 

1.000000 

45 

.500000 

45 

270 

0 

0 

46 

.997261 

46 

.447736 

46 

276 

0 

0 

47 

.989074 

47 

.396044 

47 

282 

0 

0 

48 

.975528 

48 

.345492 

48 

288 

0 

0 

49 

.956773 

49 

.296632 

49 

294 

0 

0 

50 

.933013 

50 

.250000 

50 

300 

0 

0 

51 

.904509 

51 

.206107 

51 

306 

0 

0 

52 

.871572 

52 

.165435 

52 

312 

0 

0 

53 

.834565 

53 

.128428 

53 

318 

0 

0 

54 

.793893 

54 

.095492 

54 

324 

0 

0 

55 

.750000 

55 

.066988 

55 

330 

0 

0 

56 

.703368 

56 

.043227 

56 

336 

0 

0 

57 

.654509 

57 

.024472 

57 

342 

0 

0 

58 

.603956 

58 

.010926 

58 

348 

0 

0 

59 

.552264 

59 

.002739 

59 

354 

0 

0 

60 

.500000 

60 

.000000 

60 

360 

0 

0 
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FACTOR 

FOR “A” 

FACTOR 

FOR "B” 

* 


ANGLE OF 

DEO. MIN. 

HOLE 

SEC 

1 

.448590 

1 

.002650 

1 

5 

54 

5 - 55/61 

2 

.397724 

2 

.010572 

2 

11 

48 

11-49 61 

3 

.347943 

3 

.023682 

3 

17 

42 

17-43 61 

4 

.299773 

4 

.041842 

4 

23 

36 

23-37 61 

5 

.253726 

5 

.064857 

5 

29 

30 

29-31 61 


6 

.210290 

6 

.092486 

6 

35 

24 

35-25 61 

7 

.169924 

7 

.124434 

7 

41 

18 

41 - 19/61 

8 

.133057 

8 

.160363 

8 

47 

12 

47-13 61 

9 

.100080 

9 

.199893 

9 

53 

6 

53 - 7/61 

10 

.071343 

10 

.242604 

10 

59 

00 

59 - 1/61 

11 

.047149 

11 

.288043 

11 

64 

55 

4-56 61 

12 

.027755 

12 

.335729 

12 

70 

49 

10-50 61 

334 
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Original from 
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COORDINATE FACTORS AND ANGLES 

— 6 1 

HOLE 

DIVISION 


FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR “A” 

FOR “B” 

♦ 


DEG. 

MIN. 

SEC. 

13 

.013368 

13 

.385156 

13 

76 

43 

16 - 44/61 

14 

.004139 

14 

.435801 

14 

82 

37 

22 - 38/61 

15 

.000166 

15 

.487126 

15 

88 

31 

28 - 32/61 

16 

.001491 

16 

.538588 

16 

94 

25 

34 - 26/61 

17 

.008101 

17 

.589640 

17 

100 

19 

40 - 20/61 

18 

.019925 

18 

.639743 

18 

106 

13 

46 - 14/61 

19 

.036838 

19 

.688364 

19 

112 

7 

52 - 8/61 

20 

.058661 

20 

.734988 

20 

118 

1 

58 - 2/61 

21 

.085162 

21 

.779122 

21 

123 

56 

3 - 57/61 

22 

.116060 

22 

.820297 

22 

129 

50 

9 - 51/61 

23 

.151028 

23 

.858076 

23 

135 

44 

15 - 45/61 

24 

.189695 

24 

. 892060 

24 

141 

38 

21 - 39/61 

25 

.231652 

25 

.921888 

25 

147 

32 

27 - 33/61 

26 

.276453 

26 

.947244 

26 

153 

26 

33 - 27/61 

27 

.323624 

27 

.967859 

27 

159 

20 

39 - 21/61 

28 

.372664 

28 

.983514 

28 

165 

14 

45 - 15/61 

29 

.423055 

29 

.994044 

29 

171 

8 

51 - 9/61 

30 

.474261 

30 

.999337 

30 

177 

2 

57 - 3/61 

31 

.525739 

31 

.999337 

31 

182 

57 

2 - 58/61 

32 

.576945 

32 

.994044 

32 

188 

51 

8 - 52/61 

33 

.627336 

33 

.983514 

33 

194 

45 

14 - 46/61 

34 

.676376 

34 

.967859 

34 

200 

39 

20 - 40/61 

35 

.723547 

35 

.947244 

35 

206 

33 

26 - 34/61 

36 

.768348 

36 

.921888 

36 

212 

27 

32 - 28/61 

37 

.810305 

37 

.892060 

37 

218 

21 

38 - 22/61 

38 

.848972 

38 

.858076 

38 

224 

15 

44 - 16/61 

39 

.883940 

39 

.820297 

39 

230 

9 

50 - 10/61 

40 

.914839 

40 

.779122 

40 

236 

3 

56 - 4/61 

41 

.941339 

41 

.734988 

41 

241 

58 

1 - 59/61 

42 

.963162 

42 

.688364 

42 

247 

52 

7 - 53/61 

43 

.980075 

43 

.639743 

43 

253 

46 

13 - 47/61 

44 

.991899 

44 

.589640 

44 

259 

40 

19 - 41/61 

45 

.998509 

45 

.538588 

45 

265 

34 

25 - 35/61 

46 

.999834 

46 

.487126 

46 

271 

28 

31 - 29/61 

47 

.995861 

47 

.435801 

47 

277 

22 

37 - 23/61 

48 

.986632 

48 

.385156 

48 

283 

16 

43 - 17/61 

49 

.972245 

49 

.335729 

49 

289 

10 

49 - 11/61 

50 

.952851 

50 

.288043 

50 

295 

4 

55 - 5/61 

51 

.928657 

51 

.242604 

51 

300 

59 

00 - 60/61 

52 

.899920 

52 

.199893 

52 

306 

53 

6 - 54/61 

53 

.866943 

53 

.160363 

53 

312 

47 

12 - 48/61 

54 

.830076 

54 

.124434 

54 

318 

41 

18 - 42/61 

55 

.789711 

55 

.092486 

55 

324 

35 

24 - 36/61 

56 

.746274 

56 

.064857 

56 

330 

29 

30 - 30/61 

57 

.700227 

57 

.041842 

57 

336 

23 

36 - 24/61 

58 

.652057 

58 

.023682 

58 

342 

17 

42 - 18/61 

59 

.602276 

59 

.010572 

59 

348 

11 

48 - 12/61 

60 

.551410 

60 

.002650 

60 

354 

5 

54 - 6/61 

61 

.500000 

61 

.000000 

61 

360 

0 

0 

335 
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62 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 



FACTOR FACTOR ANGLE OF HOtE 



FOR “A” 

FOR "B” 

f 


DEO. 

MIN. 

SEC. 

1 

.449416 

1 

.002565 

1 

5 

48 

23-14 62 

2 

.399351 

2 

.010235 

2 

11 

36 

46 - 28/62 

3 

.350318 

3 

.022930 

3 

17 

25 

9-42 62 

4 

.302822 

4 

.040521 

4 

23 

13 

32 - 56/62 

5 

.257349 

5 

.062827 

5 

29 

1 

56 - 8/62 

6 

.214366 

6 

.089618 

6 

34 

50 

19 - 22/62 

7 

.174314 

7 

.120621 

7 

40 

38 

42-36 62 

8 

.137606 

8 

.155517 

8 

46 

27 

5-50 62 

9 

.104612 

9 

.193947 

9 

52 

15 

29 - 2 62 

10 

.075678 

10 

.235518 

10 

58 

3 

52-16 62 

11 

.051098 

11 

.279803 

11 

63 

52 

15-30 62 

12 

.031124 

12 

.326347 

12 

69 

40 

38-44 62 

13 

.015961 

13 

374674 

13 

75 

29 

1-58 02 
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COORDINATE FACTORS AND ANGLES —62 HOLE DIVISION 



FACTOR 

FOR “A" 

FACTOR 

FOR “B” 

♦ 


ANGLE OF 

DEG. MIN. 

HOLE 

SEC. 

14 

.005766 

14 

.424286 

14 

81 

17 

25 - 10/62 

15 

.000642 

15 

.474675 

15 

87 

5 

48 - 24/62 

16 

.000642 

16 

.525325 

16 

92 

54 

11 - 38/62 

17 

.005766 

17 

.575714 

17 

98 

42 

34 - 52/62 

18 

.015961 

18 

.625326 

18 

104 

30 

58 - 4/62 

19 

.031124 

19 

.673653 

19 

110 

19 

21 - 18/62 

20 

.051098 

20 

.720197 

20 

116 

"7 

44 - 32/62 

21 

.075678 

21 

.764482 

21 

121 

56 

7 - 46/62 

22 

.104612 

22 

.806053 

22 

127 

44 

30 - 60/62 

23 

.137606 

23 

.844484 

23 

133 

32 

54 - 12/62 

24 

.174314 

24 

.879379 

24 

139 

21 

17 - 26/62 

25 

.214366 

25 

.910382 

25 

145 

9 

40 - 40/62 

26 

.257349 

26 

.937173 

26 

150 

58 

3 - 54/62 

27 

.302822 

27 

.959479 

27 

156 

46 

27 - 6/62 

28 

.350318 

28 

. 977070 

28 

162 

34 

50 - 20/62 

29 

.399351 

29 

.989765 

29 

168 

23 

13 - 34/62 

30 

.449416 

30 

.997435 

30 

174 

11 

36 - 48/62 

31 

.500000 

31 

1 .000000 

31 

180 

00 

00000000 

32 

.550584 

32 

.997435 

32 

185 

48 

23 - 14/62 

33 

.600649 

33 

.989765 

33 

191 

36 

46 - 28/62 

34 

.649682 

34 

.977070 

34 

197 

25 

9 - 42/62 

35 

.697178 

35 

.959479 

35 

203 

13 

32 - 56/62 

36 

.742651 

36 

.937173 

36 

209 

1 

56 - 8/62 

37 

.785634 

37 

.910382 

37 

214 

50 

19 - 22/62 

38 

.825686 

38 

.879379 

38 

220 

38 

42 - 36/62 

39 

.862394 

39 

.844484 

39 

226 

27 

5 - 50/62 

40 

.895388 

40 

.806053 

40 

232 

15 

29 - 2/62 

41 

.924322 

41 

.764482 

41 

238 

3 

52 - 16/62 

42 

.948902 

42 

.720197 

42 

243 

52 

15 - 30/62 

43 

.968876 

43 

.673653 

43 

249 

40 

38 - 44/62 

44 

.984039 

44 

.625326 

44 

255 

29 

1 - 58/62 

45 

.994234 

45 

.575714 

45 

261 

17 

25 - 10/62 

46 

.999358 

46 

.525325 

46 

267 

5 

48 - 24/62 

47 

.999358 

47 

.474675 

47 

272 

54 

11 - 38/62 

48 

.994234 

48 

.424286 

48 

278 

42 

34 - 52/62 

49 

.984039 

49 

.374674 

49 

284 

30 

58 - 4/62 

50 

.968876 

50 

.326347 

50 

290 

19 

21 - 18/62 

51 

.948902 

51 

.279803 

51 

296 

7 

44 - 32/62 

52 

.924322 

52 

.235518 

52 

301 

56 

7 - 46/62 

53 

.895388 

53 

.193947 

53 

307 

44 

30 - 60/62 

54 

.862394 

54 

.155517 

54 

313 

32 

54 - 12/62 

55 

.825686 

55 

.120621 

55 

319 

21 

17 - 26/62 

56 

.785634 

56 

.089618 

56 

325 

9 

40 - 40/62 

57 

.742651 

57 

.062827 

57 

330 

58 

3 - 54/62 

58 

.697178 

58 

.040521 

58 

336 

46 

27 - 6/62 

59 

. 649682 

59 

.022930 

59 

342 

34 

50 - 20/62 

60 

.600649 

60 

.010235 

60 

348 

23 

13 - 34/62 

61 

.550584 

61 

.002565 

61 

354 

11 

36 - 48/62 

62 

. 500000 

62 

.000000 

62 

360 

0 

0 
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63 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 



FACTOR FACTOR ANOtE OF HOLE 

FOR “A” FOR “B" f DEO. MIN. SEC 


1 

.450216 

1 

.002485 

1 

5 

42 

51 27 63 

2 

.400927 

2 

.009914 

2 

11 

25 

42 54/63 

3 

.352622 

3 

.022214 

3 

17 

8 

34-18 63 

4 

.305783 

4 

.039262 

4 

22 

51 

25 - 45/63 

5 

.260873 

5 

.060889 

5 

28 

34 

17 - 9/63 

6 

.218340 

6 

.086881 

6 

34 

17 

8 - 36/63 

7 

.178606 

7 

.116978 

*7 

/ 

40 

00 

00000000 

8 

.142067 

8 

.150882 

8 

45 

42 

51 - 27/63 

9 

.109084 

9 

.188255 

9 

51 

25 

42-54 63 

10 

.079987 

10 

.228727 

10 

57 

8 

34 - 18/63 

11 

.055064 

11 

.271895 

11 

62 

51 

25-45 63 

12 

.034563 

12 

.317330 

12 

68 

34 

17 - 9/63 

13 

.018688 

13 

.364580 

13 

74 

17 

8-36 63 
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COORDINATE FACTORS AND ANGLES —63 HOLE DIVISION 

_ FACTOR FACTOR ANOIE OF HOLE 



FOR “A" 

FOR “B” 

♦ 


DEO. 

MIN. 

SEC. 

14 

.007596 

14 

.413176 

14 

80 

00 

00000000 

15 

.001398 

15 

.462635 

15 

85 

42 

51 - 27/63 

16 

.000155 

16 

.512465 

16 

91 

25 

42 - 54/63 

17 

.003880 

17 

.562172 

17 

97 

8 

34 - 18/63 

18 

.012536 

18 

.611260 

18 

102 

51 

25 - 45/63 

19 

.026036 

19 

.659243 

19 

108 

34 

17 - 9/63 

20 

.044247 

20 

.705644 

20 

114 

17 

8 - 36/63 

21 

.066987 

21 

.750000 

21 

120 

00 

00000000 

22 

.094031 

22 

.791872 

22 

125 

42 

51 - 27/63 

23 

.125109 

23 

.830843 

23 

131 

25 

42 - 54/63 

24 

.159914 

24 

.866526 

24 

137 

8 

34 - 18/63 

25 

.198098 

25 

.898566 

25 

142 

51 

25 - 45/63 

26 

.239282 

26 

.926645 

26 

148 

34 

17 - 9/63 

27 

.283058 

27 

.950484 

27 

154 

17 

8 - 36/63 

28 

.328990 

28 

.969846 

28 

160 

00 

00000000 

29 

.376621 

29 

.984539 

29 

165 

42 

51 - 27/63 

30 

.425479 

30 

.994415 

30 

171 

25 

42 - 54/63 

31 

.475077 

31 

.999379 

31 

177 

8 

34 - 18/63 

32 

.524923 

32 

.999379 

32 

182 

51 

25 - 45/63 

33 

.574521 

33 

.994415 

33 

188 

34 

17 - 9/63 

34 

.623379 

34 

.984539 

34 

194 

17 

8 - 36/63 

35 

.671010 

35 

.969846 

35 

200 

00 

00000000 

36 

.716942 

36 

.950484 

36 

205 

42 

51 - 27/63 

37 

.760718 

37 

.926645 

37 

211 

25 

42 - 54/63 

38 

.801902 

38 

.898566 

38 

217 

8 

34 - 18/63 

39 

.840086 

39 

.866526 

39 

222 

51 

25 - 45/63 

40 

.874891 

40 

.830843 

40 

228 

34 

17 - 9/63 

41 

.905969 

41 

.791872 

41 

234 

17 

8 - 36/63 

42 

.933013 

42 

.750000 

42 

240 

00 

00000000 

43 

.955753 

43 

.705644 

43 

245 

42 

51 - 27/63 

44 

.973964 

44 

.659243 

44 

251 

25 

42 - 54/63 

45 

.987464 

45 

.611260 

45 

257 

8 

34 - 18/63 

46 

.996120 

46 

.562172 

46 

262 

51 

25 - 45/63 

47 

.999845 

47 

.512465 

47 

268 

34 

17 - 9/63 

48 

.998602 

48 

.462635 

48 

274 

17 

8 - 36/63 

49 

.992404 

49 

.413176 

49 

280 

00 

00000000 

50 

.981312 

50 

.364580 

50 

285 

42 

51 - 27/63 

51 

.965437 

51 

.317330 

51 

291 

25 

42 - 54/63 

52 

.944936 

52 

.271895 

52 

297 

8 

34 - 18/63 

53 

.920013 

53 

.228727 

53 

302 

51 

25 - 45/63 

54 

.890916 

54 

.188255 

54 

308 

34 

17 - 9/63 

55 

.857933 

55 

.150882 

55 

314 

17 

8 - 36/63 

56 

.821394 

56 

.116978 

56 

320 

00 

00000000 

57 

.781660 

57 

.086881 

57 

325 

42 

51 - 27/63 

58 

.739127 

58 

.060889 

58 

331 

25 

42 - 54/63 

59 

.694217 

59 

.039262 

59 

337 

8 

34 - 18/63 

60 

.647378 

60 

.022214 

60 

342 

51 

25 - 45/63 

61 

.599073 

61 

.009914 

61 

348 

34 

17 - 9/63 

62 

.549784 

62 

.002485 

62 

354 

17 

8 - 36/63 

63 

.500000 

63 

.000000 

63 

360 

0 

0 
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FACTOR 

FOR “A” 

FACTOR 
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♦ 



ANGLE OF 

DEG. MIN. 

HOLE 

SEC. 

1 

.450992 

1 

.002408 


1 

5 

37 

30 

2 

.402455 

2 

.009607 


2 

11 

15 

00 

3 

.354858 

3 

.021530 


3 

16 

52 

30 

4 

.308658 

4 

.038060 


4 

22 

30 

00 

5 

.264302 

5 

.059039 


5 

28 

7 

30 

6 

.222215 

6 

.084265 


6 

33 

45 

00 

7 

.182803 

7 

.113495 


7 

39 

22 

30 

8 

.146447 

8 

.146447 


8 

45 

00 

00 

9 

.113495 

9 

.182803 


9 

50 

37 

30 

10 

.084265 

10 

.222215 


10 

56 

15 

00 

11 

.059039 

11 

.264302 


11 

61 

52 

30 

12 

.038060 

12 

.308658 


12 

67 

30 

00 

13 

.021530 

13 

.354858 


13 

73 

7 

30 
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D 1 V 
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^ FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR “A” 

FOR "B” 

» 


DEG. 

MIN. 

SEC. 

14 

.009607 

14 

.402455 

14 

78 

45 

00 

15 

.002408 

15 

.450992 

15 

84 

22 

30 

16 

.000000 

16 

.500000 

16 

90 

00 

00 

17 

.002408 

17 

.549009 

17 

95 

37 

30 

18 

.009607 

18 

. 597545 

18 

101 

15 

00 

19 

.021530 

19 

.645142 

19 

106 

52 

30 

20 

.038060 

20 

.691342 

20 

112 

30 

00 

21 

.059039 

21 

.735698 

21 

118 

7 

30 

22 

.084265 

22 

.777785 

22 

123 

45 

00 

23 

.113495 

23 

.817197 

23 

129 

22 

30 

24 

.146447 

24 

.853553 

24 

135 

00 

00 

25 

.182803 

25 

.886505 

25 

140 

37 

30 

26 

.222215 

26 

.915735 

26 

146 

15 

00 

27 

.264302 

27 

.940961 

27 

151 

52 

30 

28 

.308658 

28 

.961940 

28 

157 

30 

00 

29 

.354858 

29 

.978470 

29 

163 

7 

30 

30 

.402455 

30 

.990393 

30 

168 

45 

00 

31 

.450992 

31 

.997592 

31 

174 

22 

30 

32 

.500000 

32 

1.000000 

32 

180 

00 

00 

33 

.549009 

33 

.997592 

33 

185 

37 

30 

34 

597545 

34 

.990393 

34 

191 

15 

00 

35 

.645142 

35 

.978470 

35 

196 

52 

30 

36 

.691342 

36 

.961940 

36 

202 

30 

00 

37 

.735698 

37 

.940961 

37 

208 

7 

30 

38 

.777785 

38 

.915735 

38 

213 

45 

00 

39 

.817197 

39 

.886505 

39 

219 

22 

30 

40 

.853553 

40 

.853553 

40 

225 

00 

00 

41 

.886505 

41 

.817197 

41 

230 

37 

30 

42 

.915735 

42 

.777785 

42 

236 

15 

00 

43 

.940961 

43 

.735698 

43 

241 

52 

30 

44 

.961940 

44 

.691342 

44 

247 

30 

00 

45 

.978470 

45 

.645142 

45 

253 

7 

30 

46 

.990393 

46 

.597545 

46 

258 

45 

00 

47 

.997592 

47 

.549009 

47 

264 

22 

30 

48 

1.000000 

48 

.500000 

48 

270 

00 

00 

49 

.997592 

49 

.450992 

49 

275 

37 

30 

50 

.990393 

50 

.402455 

50 

281 

15 

00 

51 

.978470 

51 

.354858 

51 

286 

52 

30 

52 

.961940 

52 

.308658 

52 

292 

30 

00 

53 

.940961 

53 

.264302 

53 

298 

7 

30 

54 

.915735 

54 

.222215 

54 

303 

45 

00 

55 

.886505 

55 

.182803 

55 

309 

22 

30 

56 

.853553 

56 

.146447 

56 

315 

00 

00 

57 

.817197 

57 

.113495 

57 

320 

37 

30 

58 

.777785 

58 

.084265 

58 

326 

15 

00 

59 

.735698 

59 

.059039 

59 

331 

52 

30 

60 

.691342 

60 

.038060 

60 

337 

30 

00 

61 

.645142 

61 

.021530 

61 

343 

7 

30 

62 

.597545 

62 

.009607 

62 

348 

45 

0 

63 

.549009 

63 

.002408 

63 

354 

22 

30 

64 

.500000 

64 

.000000 

64 

360 

0 
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FACTOR FACTOR ANOtE OF HOLE 



FOR “A” 

FOR "B” 

♦ 


DEO. 

MIN. 

SEC 

1 

.451743 

1 

.002334 

1 

5 

32 

18-30/65 

2 

.403937 

2 

.009315 

2 

11 

4 

36-60/65 

3 

.357027 

3 

.020877 

3 

16 

36 

55-25/65 

4 

.311453 

4 

.036913 

4 

22 

9 

13-55/65 

5 

.267638 

5 

.057272 

5 

27 

41 

32-20/65 

6 

.225994 

6 

.081765 

6 

33 

13 

50-50/65 

7 

.186907 

7 

.110163 

7 

38 

46 

9-15/65 

8 

.150744 

8 

.142201 

8 

44 

18 

27-45/65 

9 

.117842 

9 

.177579 

9 

49 

50 

46-10 65 

10 

.088508 

10 

.215968 

10 

55 

23 

4-40/65 

11 

.063016 

11 

.257008 

11 

60 

55 

23- 5 65 

12 

.041604 

12 

.300318 

12 

66 

27 

41-35,65 

13 

.024472 

13 

.345492 

13 

72 

00 

00000000 
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FACTOR FACTOR ANOtE OF HOIE 



FOR "A” 

FOR “B” 

f 


DEO. 

MIN. 

SEC. 

14 

.011780 

14 

.392108 

14 

77 

32 

18-30/65 

15 

.003646 

15 

.439732 

15 

83 

4 

36-60/65 

16 

.000146 

16 

.487918 

16 

88 

36 

55-25/65 

17 

.001313 

17 

.536217 

17 

94 

9 

13-55/65 

18 

.007137 

18 

.584179 

18 

99 

41 

32-20/65 

19 

.017562 

19 

.631354 

19 

105 

13 

50-50/65 

20 

.032492 

20 

.677302 

20 

110 

46 

9-15/65 

21 

.051787 

21 

.721596 

21 

116 

18 

27-45/65 

22 

.075266 

22 

.763820 

22 

121 

50 

46-10/65 

23 

.102711 

23 

.803581 

23 

127 

23 

4-40/65 

24 

.133866 

24 

.840508 

24 

132 

55 

23- 5/65 

25 

.168439 

25 

.874255 

25 

138 

27 

41-35/65 

26 

.206107 

26 

.904509 

26 

144 

00 

00000000 

27 

.246520 

27 

.930985 

27 

149 

32 

18-30/65 

28 

.289299 

28 

.953437 

28 

155 

4 

36-60/65 

29 

.334046 

29 

.971656 

29 

160 

36 

55-25/65 

30 

.380342 

30 

.985471 

30 

166 

9 

13-55/65 

31 

.427755 

31 

.994753 

31 

171 

41 

32-20/65 

32 

.475843 

32 

.999416 

32 

177 

13 

50-50/65 

33 

.524158 

33 

.999416 

33 

182 

46 

9-15/65 

34 

.572245 

34 

.994753 

34 

188 

18 

27-45/65 

35 

.619658 

35 

.985471 

35 

193 

50 

46-10/65 

36 

.665954 

36 

.971656 

36 

199 

23 

4-40/65 

37 

.710701 

37 

.953437 

37 

204 

55 

23- 5/65 

38 

.753480 

38 

.930985 

38 

210 

27 

41-35/65 

39 

.793893 

39 

.904509 

39 

216 

00 

00000000 

40 

.831561 

40 

.874255 

40 

221 

32 

18-30/65 

41 

.866134 

41 

.840508 

41 

227 

4 

36-60/65 

42 

.897289 

42 

.803581 

42 

232 

36 

55-25/65 

43 

.924734 

43 

.763820 

43 

238 

9 

13-55/65 

44 

.948214 

44 

.721596 

44 

243 

41 

32-20/65 

45 

.967508 

45 

.677302 

45 

249 

13 

50-50/65 

46 

.982438 

46 

.631354 

46 

254 

46 

9-15/65 

47 

.992863 

47 

.584179 

47 

260 

18 

27-45/65 

48 

.998687 

48 

.536217 

48 

265 

50 

46-10/65 

49 

.999854 

49 

.487918 

49 

271 

23 

4-40/65 

50 

.996354 

50 

.439732 

50 

276 

55 

23- 5/65 

51 

.988221 

51 

.392108 

51 

282 

27 

41-35/65 

52 

.975528 

52 

.345492 

52 

288 

00 

00000000 

53 

.958396 

53 

.300318 

53 

293 

32 

18-30/65 

54 

.936984 

54 

.257008 

54 

299 

4 

36-60/65 

55 

.911492 

55 

.215968 

55 

304 

36 

55-25/65 

56 

.882158 

56 

.177579 

56 

310 

9 

13-55/65 

57 

.849256 

57 

.142201 

57 

315 

41 

32-20/65 

58 

.813093 

58 

.110163 

58 

321 

13 

50-50/65 

59 

.774006 

59 

.081765 

59 

326 

46 

9-15/65 

60 

.732362 

60 

.057272 

60 

332 

18 

27-45/65 

61 

.688547 

61 

.036913 

61 

337 

50 

46-10/65 

62 

.642973 

62 

.020877 

62 

343 

23 

4-40/65 

63 

.596063 

63 

.009315 

63 

348 

55 

23- 5/65 

64 

.548257 

64 

.002334 

64 

354 

27 

41-35/65 

65 

.500000 

65 

.000000 

65 

360 

0 

0 
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FACTOR 

FOR "A" 

FACTOR 

FOR “B” 

♦ 


ANGLE OF 

DEG. MIN. 

HOLE 

SEC. 

1 

.452472 

1 

.002264 

1 

5 

27 

16-24/66 

2 

.405374 

2 

.009036 

2 

10 

54 

32-48 66 

3 

.359134 

3 

.020254 

3 

16 

21 

49- 6 66 

4 

.314169 

4 

.035816 

4 

21 

49 

5-30, 66 

5 

.270887 

5 

.055582 

5 

27 

16 

21-54 66 

6 

.229680 

6 

.079373 

6 

32 

43 

38-12 66 

7 

.190921 

7 

.106973 

7 

38 

10 

54-36 66 

8 

.154961 

8 

.138133 

8 

43 

38 

10-60. 66 

9 

.122125 

9 

.172570 

9 

49 

5 

27-18/66 

10 

.092712 

10 

.209972 

10 

54 

32 

43-42/66 

11 

.066987 

11 

.250000 

11 

60 

00 

00000000 

12 

.045184 

12 

.292293 

12 

65 

27 

16-24/66 

13 

.027500 

13 

.336466 

13 

70 

54 

32-48 66 
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FACTOR FACTOR ANGLE OF HOIE 



FOR “A” 

FOR "B" 

♦ 


DEG. 

MIN. 

SEC. 

14 

.014094 

14 

.382121 

14 

76 

21 

49- 6/66 

15 

.005089 

15 

.428843 

15 

81 

49 

5-30/66 

16 

000566 

16 

.476209 

16 

87 

16 

21-54/66 

17 

.000566 

17 

.523791 

17 

92 

43 

38-12/66 

18 

.005089 

18 

.571157 

18 

98 

10 

54-36/66 

19 

.014094 

19 

.617880 

19 

103 

38 

10-60/66 

20 

.027500 

20 

.663534 

20 

109 

5 

27-18/66 

21 

.045184 

21 

.707708 

21 

114 

32 

43-42/66 

22 

.066987 

22 

.750000 

22 

120 

00 

00000000 

23 

.092712 

23 

.790028 

23 

125 

27 

16-24/66 

24 

.122125 

24 

.827430 

24 

130 

54 

32-48/66 

25 

.154961 

25 

.861867 

25 

136 

21 

49- 6/66 

26 

. 190921 

26 

.893027 

26 

141 

49 

5-30/66 

27 

.229680 

27 

.920627 

27 

147 

16 

21-54/66 

28 

.270887 

28 

.944418 

28 

152 

43 

38-12/66 

29 

.314169 

29 

.964184 

29 

158 

10 

54-36/66 

30 

.359134 

30 

.979747 

30 

163 

38 

10-60/66 

31 

.405374 

31 

.990964 

31 

169 

5" 

27-18/66 

32 

.452472 

32 

.997736 

32 

174 

32 

43-42/66 

33 

.500000 

33 

1.000000 

33 

180 

00 

00000000 

34 

.547528 

34 

.997736 

34 

185 

27 

16-24/66 

35 

.594626 

35 

.990964 

35 

190 

54 

32-48/66 

~36 

.640866 

36 

”979747 

36 

196 

21 

49- 6/66 

37 

.685831 

37 

.964184 

37 

201 

49 

5-30/66 

38 

.729113 

38 

.944418 

38 

207 

16 

21-54/66 

39 

.770320 

39 

.920627 

39 

212 

43 

38-12/66 

40 

.809080 

40 

.893027 

40 

218 

10 

54-36/66 

Tf” 

845040 

41 

.861867 

41 

223 

38 

10-60/66 

42 

.877875 

42 

.827430 

42 

229 

5 

27-18/66 

43 

.907288 

43 

.790028 

43 

234 

32 

43-42/66 

44 

.933013 

44 

.750000 

44 

240 

00 

00000000 

45 

.954816 

45 

.707708 

45 

245 

27 

16-24/66 

46 

.972500 

46 

7663534 

46 

250 

54 

32-48/66 

47 

.985906 

47 

.617880 

47 

256 

21 

49- 6/66 

48 

.994911 

48 

.571157 

48 

261 

49 

5-30/66 

49 

.999434 

49 

.523791 

49 

267 

16 

21-54/66 

50 

.999434 

50 

.476209 

50 

272 

43 

38-12/66 

51 

.994911 

51 

428843 

51 

278 

To 

54-36/66 

52 

.985906 

52 

.382121 

52 

283 

38 

10-60/66 

53 

.972500 

53 

. 336466 

53 

289 

5 

27-18/66 

54 

.954816 

54 

.292293 

54 

294 

32 

43-42/66 

55 

.933013 

55 

.250000 

55 

300 

00 

00000000 

~ 56 

.907288 

56 

.209972 

56 

305 

27~ 

16-24/66 

57 

.877875 

57 

.172570 

57 

310 

54 

32-48/66 

58 

.845040 

58 

.138133 

58 

316 

21 

49- 6/66 

59 

.809080 

59 

.106973 

59 

321 

49 

5-30/66 

60 

.770320 

60 

.079373 

60 

327 

16 

21-54/66 

61 

.729113 

61 

7055582 

61 

332 

43 

38-12766 

62 

.685831 

62 

.035816 

62 

338 

10 

54-36/66 

63 

.640866 

63 

.020254 

63 

343 

38 

10-60/66 

64 

.594626 

64 

.009036 

64 

349 

5 

27-18/66 

65 

.547528 

65 

.002264 

65 

354 

32 

43-42/66 

66 

.500000 

66 

.000000 

66 

360 

0 

0 
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FACTOR 

FOR "A” 

FACTOR 

FOR “B” 

♦ 


ANGLE OF 

DEG. MIN. 

HOLE 

SEC. 

1 

.453180 

1 

.002197 

1 

5 

22 

23-19/67 

2 

.406770 

2 

.008769 

2 

10 

44 

46-38/67 

3 

.361180 

3 

.019657 

3 

16 

7 

9-57/67 

4 

.316810 

4 

.034767 

4 

21 

29 

33- 9/67 

5 

.274050 

5 

.053966 

5 

26 

51 

56-28/67 

6 

.233275 

6 

.077084 

6 

32 

14 

19-47/67 

7 

.194845 

7 

.103919 

7 

37 

36 

42-66,67 

8 

.159096 

8 

.134234 

8 

42 

59 

6-18/67 

9 

.126343 

9 

.167764 

9 

48 

21 

29-37 .'67 

10 

.096874 

10 

.204214 

10 

53 

43 

52-56 67 

TT 

070948 

11 “ 

.243263 

11 

59 

6 

16- 8 67 

12 

.048792 

12 

284568 

12 

64 

28 

39-27/67 

13 

.030601 

13 

.327767 

13 

69 

51 

2-46 67 

14 

016535 

14 

.372479 

14 

75 

13 

25-65 67 
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Digitized by 


Gck igle 


Original from 

UNIVERSITY OF MICHIGAN 






COORDINATE FACTORS AND ANGLES —67 HOLE DIVISION 



^ FACTOR 

FOR "A” 

FACTOR 

FOR “B” 

♦ 


ANGLE OF 

DEG. MIN. 

HOLE 

SEC 

15 

.006718 

15 

.418311 

15 

80 

35 

49 - 17/67 

16 

.001236 

16 

.464862 

16 

85 

58 

12 - 36/67 

17 

.000137 

17 

.511721 

17 

91 

20 

35 - 55/67 

18 

.003431 

18 

.558478 

18 

96 

42 

59 - 7/67 

19 

.011089 

19 

.604720 

19 

102 

5 

22 - 26/67 

20 

.023044 

20 

.650042 

20 

107 

27 

45 - 45/67 

21 

.039190 

21 

.694046 

21 

112 

50 

8 - 64/67 

22 

.059385 

22 

.736344 

22 

118 

12 

32 - 16/67 

23 

.083453 

23 

.776566 

23 

123 

34 

55 - 35/67 

24 

.111181 

24 

.814356 

24 

128 

57 

18 - 54/67 

25 

.142327 

25 

.849385 

25 

134 

19 

42 - 6/67 

26 

.176615 

26 

.881343 

26 

139 

42 

5 - 25/67 

27 

.213746 

27 

.909949 

27 

145 

4 

28 - 44/67 

28 

.253392 

28 

.934953 

28 

150 

26 

51 - 63/67 

29 

.295205 

29 

.956135 

29 

155 

49 

15 - 15/67 

30 

.338818 

30 

.973308 

30 

161 

11 

38 - 34/67 

31 

.383847 

31 

.986322 

31 

166 

34 

1 - 53/67 

32 

.429898 

32 

.995061 

32 

171 

56 

25 - 5/67 

33 

.476564 

33 

.999450 

33 

177 

18 

48 - 24/67 

34 

.523436 

34 

.999450 

34 

182 

41 

11 - 43/67 

35 

.570102 

35 

.995061 

35 

188 

3 

34 - 62/67 

36 

.616153 

36 

.986322 

36 

193 

25 

58 - 14/67 

37 

.661182 

37 

.973308 

37 

198 

48 

21 - 33/67 

38 

.704795 

38 

.956135 

38 

204 

10 

44 - 52/67 

39 

.746609 

39 

.934953 

39 

209 

33 

8 - 4/67 

40 

.786255 

40 

.909949 

40 

214 

55 

31 - 23/67 

41 

.823385 

41 

.881343 

41 

220 

17 

54 - 42/67 

42 

.857674 

42 

.849385 

42 

225 

40 

17 - 61/67 

43 

.888819 

43 

.814356 

43 

231 

2 

41 - 13/67 

44 

.916547 

44 

.776566 

44 

236 

25 

4 - 32/67 

45 

.940615 

45 

.736344 

45 

241 

47 

27 - 51/67 

46 

.960810 

46 

.694046 

46 

247 

9 

51 - 3/67 

47 

.976956 

47 

.650042 

47 

252 

32 

14 - 22/67 

48 

.988911 

48 

.604720 

48 

257 

54 

37 - 41/67 

49 

.996569 

49 

.558478 

49 

263 

17 

00 - 60/67 

50 

.999863 

50 

.511721 

50 

268 

39 

24 - 12/67 

51 

.998764 

51 

.464862 

51 

274 

1 

47 - 31/67 

52 

.993282 

52 

.418311 

52 

279 

24 

10 - 50/67 

53 

.983465 

53 

.372479 

53 

284 

46 

34 - 2/67 

54 

.969399 

54 

.327767 

54 

290 

8 

57 - 21/67 

55 

.951209 

55 

.284568 

55 

295 

31 

20 - 40/67 

56 

.929053 

56 

.243263 

56 

300 

53 

43 - 59/67 

57 

.903126 

57 

.204214 

57 

306 

16 

7 - 11/67 

58 

.873657 

58 

.167764 

58 

311 

38 

30 - 30/67 

59 

.840904 

59 

.134234 

59 

317 

00 

53 - 49/67 

60 

.805155 

60 

.103919 

60 

322 

23 

17 - 1/67 

61 

.766725 

61 

.077084 

61 

327 

45 

40 - 20/67 

62 

.725950 

62 

.053966 

62 

333 

8 

3 - 39/67 

63 

.683190 

63 

.034767 

63 

338 

30 

26 - 58/67 

64 

.638820 

64 

.019657 

64 

343 

52 

50 - 10/67 

65 

.593230 

65 

.008769 

65 

349 

15 

13 - 29/67 

66 

.546820 

66 

.002197 

66 

354 

37 

36 - 48/67 

67 

.500000 

67 

. 000000 

67 

360 

0 

0 
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Digitized by boogie 


Original from 
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68 HOLE DIVISION —COOR 


I 


9 

10 . \ 



B = DX FACTOR 





~ 32 

i i 

34 35 

36 J/ 





^ FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR "A" 

FOR “B" 

* 


DEG. 

MIN. 

SEC. 

1 

.453866 

1 

.002133 

1 

5 

17 

38 - 56/68 

2 

.408125 

2 

.008514 

2 

10 

35 

17 - 44/68 

3 

.363169 

3 

.019087 

3 

15 

52 

56-32 68 

4 

.319379 

4 

.033764 

4 

21 

10 

35 - 20/68 

5 

.277131 

5 

.052418 

5 

26 

28 

14 - 8/68 

6 

.236784 

6 

.074891 

6 

31 

45 

52-64 68 

7 

. 198683 

7 

.100991 

7 

37 

3 

31 52 68 

8 

.163152 

8 

.130496 

8 

42 

21 

10 - 40/68 

9 

.130496 

9 

.163152 

9 

47 

38 

49 - 28/68 

10 

.100991 

10 

.198683 

10 

52 

56 

28-16 68 

11 

.074891 

11 “ 

.236784 

11 

58 

14 

7 - 4 68 

12 

.052418 

12 

.277131 

12 

63 

31 

45-60 68 

13 

.033764 

13 

.319379 

13 

68 

49 

24 - 48/68 

14 

.019087 

14 

363169 

14 

74 

7 

3—36 68 
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Digitized by C 

google 



Original from 

UNIVERSITY OF MICHIGAN 







COORDINATE FACTORS AND ANGLES —68 HOLE DIVISION 


FACTOR FACTOR ANOIE OF HOIE 



m FOR “A” 

FOR “B” 

♦ 


DEG. 

MIN. 

SEC. 

15 

.008514 

15 

.408125 

15 

79 

24 

42 - 24/68 

16 

.002133 

16 

.453866 

16 

84 

42 

21 - 12/68 

17 

.000000 

17 

.500000 

17 

90 

00 

00000000 

18 

.002133 

18 

.546134 

18 

95 

17 

38 - 56/68 

19 

.008514 

19 

.591875 

19 

100 

35 

17 - 44/68 

20 

.019087 

20 

.636832 

20 

105 

52 

56 32/68 

21 

.033764 

21 

.680621 

21 

111 

10 

35 - 20/68 

22 

.052418 

22 

.722869 

22 

116 

28 

14 - 8/68 

23 

.074891 

23 

.763216 

23 

121 

45 

52 - 64/68 

24 

.100991 

24 

.801317 

24 

127 

3 

31 - 52/68 

25 

.130496 

25 

.836848 

25 

132 

21 

10 - 40/68 

26 

.163152 

26 

.869504 

26 

137 

38 

49 - 28/68 

27 

.198683 

27 

.899009 

27 

142 

56 

28 - 16/68 

28 

.236784 

28 

.925109 

28 

148 

14 

7 - 4/68 

29 

.277131 

29 

.947582 

29 

153 

31 

45 - 60/68 

30 

.319379 

30 

.966236 

30 

158 

49 

24 - 48/68 

31 

.363169 

31 

.980913 

31 

164 

7 

3 - 36/68 

32 

.408125 

32 

.991487 

32 

169 

24 

42 - 24/68 

33 

.453866 

33 

.997867 . 

33 

174 

42 

21 - 12/68 

34 

.500000 

34 

1 .000000 

34 

180 

00 

00000000 

35 

.546134 

35 

.997867 

35 

185 

17 

38 - 56/68 

36 

.591875 

36 

.991487 

36 

190 

35 

17 - 44/68 

37 

.636832 

37 

.980913 

37 

195 

52 

56 - 32/68 

38 

.680621 

38 

.966236 

38 

201 

10 

35 - 20/68 

39 

.722869 

39 

.947582 

39 

206 

28 

14 - 8/68 

40 

.763216 

40 

.925109 

40 

211 

45 

52 - 64/68 

41 

.801317 

41 

.899009 

41 

217 

3 

31 - 52/68 

42 

.836848 

42 

.869504 

42 

222 

21 

10 - 40/68 

43 

.869504 

43 

.836848 

43 

227 

38 

49 - 28/68 

44 

.899009 

44 

.801317 

44 

232 

56 

28 - 16/68 

45 

.925109 

45 

.763216 

45 

238 

14 

7 - 4/68 

46 

.947582 

46 

.722869 

46 

243 

31 

45 - 60/68 

47 

.966236 

47 

.680621 

47 

248 

49 

24 - 48/68 

48 

.980913 

48 

.636832 

48 

254 

7 

3 - 36/68 

49 

.991487 

49 

.591875 

49 

259 

24 

42 - 24/68 

50 

.997867 

50 

.546134 

50 

264 

42 

21 - 12/68 

51 

1.000000 

51 

.500000 

51 

270 

00 

00000000 

52 

.997867 

52 

.453866 

52 

275 

17 

38 - 56/68 

53 

.991487 

53 

.408125 

53 

280 

35 

17 - 44/68 

54 

.980913 

54 

.363169 

54 

285 

52 

56 - 32/68 

55 

.966236 

55 

.319379 

55 

291 

10 

35 - 20/68 

56 

.947582 

56 

.277131 

56 

296 

28 

14 - 8/68 

57 

.925109 

57 

236784 

57 

301 

45 

52 - 64/68 

58 

.899009 

58 

.198683 

58 

307 

3 

31 - 52/68 

59 

.869504 

59 

.163152 

59 

312 

21 

10 — 40/68 

60 

.836848 

60 

.130496 

60 

317 

38 

49 - 28/68 

61 

.801317 

61 

.100991 

61 

322 

56 

28 - 16/68 

62 

.763216 

62 

.074891 

62 

328 

14 

7 - 4/68 

63 

.722869 

63 

.052418 

63 

333 

31 

45 - 60/68 

64 

.680621 

64 

.033764 

64 

338 

49 

24 - 48/68 

65 

.636832 

65 

019087 

65 

344 

7 

3 - 36/68 

66 

.591875 

66 

008514 

66 

349 

24 

42 - 24/68 

67 

.546134 

67 

.002133 

67 

354 

42 

21 - 12/68 

68 

.500000 

68 

000000 

68 

360 

0 

0 


349 
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Original from 
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69 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 




FACTOR 

FOR “A” 

FACTOR 

FOR “B” 

* 


ANGLE OF 

DEO. MIN. 

HOLE 

SEC. 

1 

.454533 

1 

.002072 

1 

5 

13 

2-42/69 

2 

.409442 

2 

.008269 

2 

10 

26 

5-15/69 

3 

.365102 

3 

.018541 

3 

15 

39 

7-57/69 

4 

.321880 

4 

.032803 

4 

20 

52 

10-30/69 

5 

.280133 

5 

.050936 

5 

26 

5 

13- 3/69 

6 

.240208 

6 

.072790 

6 

31 

18 

15-45/69 

7 

.202436 

7 

.098185 

7 

36 

31 

18-18 69 

8 

.167130 

8 

.126908 

8 

41 

44 

20-60 o9 

9 

.134582 

9 

.158723 

9 

46 

57 

23-33 69 

10 

.105062 

10 

.193367 

10 

52 

10 

26- 6 69 

11 

.078815 

11 

.230551 

11 

57 

23 

28-48. 69 

12 

.056057 

12 

.269968 

12 

62 

36 

31-21/69 

13 

.036979 

13 

.311290 

13 

67 

49 

33-63/69 

14 

.021737 

14 

.354177 

14 

73 

2 

36-36/6‘> 
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Digitized by 


Gck igle 


Original from 

UNIVERSITY OF MICHIGAN 







COORDINATE FACTORS 

AND ANGLES 

— 69 

HOLE 

D 1 V 

ISION 


FACTOR 

FACTOR 


ANGLE OF 

HOLE 


FOR “A” 

FOR 

“B” { 


DEG. 

MIN. 

SEC. 

15 

.010458 

15 

.398272 

15 

78 

15 

39 - 9/69 

16 

.003236 

16 

.443210 

16 

83 

28 

41 - 51/69 

17 

.000130 

17 

.488618 

17 

88 

41 

44 - 24/69 

18 

.001166 

18 

.534121 

18 

93 

54 

46 - 66/69 

19 

.006335 

19 

.579341 

19 

99 

7 

49 - 39/69 

20 

.015595 

20 

.623904 

20 

104 

20 

52 - 12/69 

21 

.028870 

21 

.667440 

21 

109 

33 

54 - 54/69 

22 

.046048 

22 

.709588 

22 

114 

46 

57 - 27/69 

23 

.066987 

23 

.750000 

23 

120 

00 

00000000 

24 

.091515 

24 

.788340 

24 

125 

13 

2 - 42/69 

25 

.119428 

25 

.824291 

25 

130 

26 

5 - 15/69 

26 

.150493 

26 

.857555 

26 

135 

39 

7 - 57/69 

27 

.184456 

27 

.887856 

27 

140 

52 

10 - 30/69 

28 

.221033 

28 

.914943 

28 

146 

5 

13 - 3/69 

29 

.259922 

29 

.938591 

29 

151 

18 

15 - 45/69 

30 

.300800 

30 

.958606 

30 

156 

31 

18 - 18/69 

31 

.343328 

31 

.974820 

31 

161 

44 

20 - 60/69 

32 

.387155 

32 

.987100 

32 

166 

57 

23 - 33/69 

33 

.431917 

33 

.995343 

33 

172 

10 

26 - 6/69 

34 

.477243 

34 

.999482 

34 

177 

23 

28 - 48/69 

35 

.522757 

35 

.999482 

35 

182 

36 

31 - 21/69 

36 

.568083 

36 

.995343 

36 

187 

49 

33 - 63/69 

37 

.612845 

37 

.987100 

37 

193 

2 

36 - 36/69 

38 

.656672 

38 

.974820 

38 

198 

15 

39 - 9/69 

39 

.699201 

39 

.958606 

39 

203 

28 

41 - 51/69 

40 

.740079 

40 

.938591 

40 

208 

41 

44 - 24/69 

41 

.778967 

41 

.914943 

41 

213 

54 

46 - 66/69 

42 

.815544 

42 

.887856 

42 

219 

7 

49 - 39/69 

43 

.849507 

43 

.857555 

43 

224 

20 

52 - 12/69 

44 

.880572 

44 

.824291 

44 

229 

33 

54 - 54/69 

45 

.908485 

45 

.788340 

45 

234 

46 

57 - 27/69 

46 

.933013 

46 

.750000 

46 

240 

00 

00000000 

47 

.953952 

47 

.709588 

47 

245 

13 

2 - 42/69 

48 

.971131 

48 

.667440 

48 

250 

26 

5 - 15/69 

49 

.984405 

49 

.623904 

49 

255 

39 

7 - 57/69 

50 

.993665 

50 

.579341 

50 

260 

52 

10 - 30/69 

51 

.998834 

51 

.534121 

51 

266 

5 

13 - 3/69 

52 

.999870 

52 

.488618 

52 

271 

18 

15 - 45/69 

53 

.996764 

53 

.443210 

53 

276 

31 

18 - 18/69 

54 

.989542 

54 

.398272 

54 

281 

44 

20 - 60/69 

55 

.978263 

55 

.354177 

55 

286 

57 

23 - 33/69 

56 

.963021 

56 

.311290 

56 

292 

10 

26 - 6/69 

57 

.943943 

57 

.269968 

57 

297 

23 

28 - 48/69 

58 

.921185 

58 

.230551 

58 

302 

36 

31 - 21/69 

59 

.894938 

59 

.193367 

59 

307 

49 

33 - 63/69 

60 

.865418 

60 

.158723 

60 

313 

2 

36 - 36/69 

61 

.832870 

61 

.126908 

61 

318 

15 

39 - 9/69 

62 

.797564 

62 

.098185 

62 

323 

28 

41 - 51/69 

63 

.759792 

63 

.072790 

63 

328 

41 

44 - 24/69 

64 

.719867 

64 

.050936 

64 

333 

54 

46 - 66/69 

65 

.678121 

65 

.032803 

65 

339 

7 

49 - 39/69 

66 

.634898 

66 

.018541 

66 

344 

20 

52 - 12/69 

67 

.590558 

67 

.008269 

67 

349 

33 

54 - 54 , 69 

68 

.545467 

68 

.002072 

68 

354 

46 

57 - 27/69 

69 

.500000 

69 

. 000000 

69 

360 

0 

0 


351 


Digitized by Google 


Original from 

UNIVERSITY OF MICHIGAN 



70 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 



FACTOR FACTOR ANOiE OF HOLE 



FOR “A” 

FOR “B” 

♦ 


DEO. 

MIN. 

SEC 

1 

.455180 

1 

.002013 

1 

5 

8 

34-20/70 

2 

.410722 

2 

.008035 

2 

10 

17 

8-40/70 

3 

. 366982 

3 

.018019 

3 

15 

25 

42-60/70 

4 

.324313 

4 

.031883 

4 

20 

34 

17-10/70 

5 

.283058 

5 

.049516 

5 

25 

42 

51-30/70 


6 

.243550 

6 

.070776 

6 

30 

51 

25-50/70 

7 

.206107 

7 

.095492 

7 

36 

00 

00000000 

8 

.171031 

8 

.123464 

8 

41 

8 

34 20/70 

9 

.138603 

9 

.154469 

9 

46 

17 

8-40/70 

10 

.109084 

10 

.188255 

10 

51 

! 

ro 

t/i 

42-60 70 

11 

.082713 

11 

.224552 

11 

56 

34 

17-10 '0 

12 

.059702 

12 

.293066 

12 

61 

42 

51-30 70 

13 

.040236 

13 

.303488 

13 

66 

51 

25-50 70 

14 

.024472 

14 

.345492 

14 

72 

00 

00000000 




.352 






Digitized by 


Gck igle 


Original from 
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COORDINATE FACTORS AND ANGLES —70 HOLE DIVISION 



FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR "A” 

FOR “B" 



DEG. 

MIN. 

SEC. 

15 

.012536 

15 

.388740 

15 

77 

8 

34-20/70 

16 

.004525 

16 

.432883 

16 

82 

17 

8-40/70 

17 

.000504 

17 

.477567 

17 

87 

25 

42-60/70 

18 

.000504 

18 

.522433 

18 

92 

34 

17-10/70 

19 

.004525 

19 

.567117 

19 

97 

42 

51-30/70 

20 

.012536 

20 

.611261 

20 

102 

51 

25-50/70 

21 

.024472 

21 

.654509 

21 

108 

00 

00000000 

22 

.040236 

22 

.696513 

22 

113 

8 

34-20/70 

23 

.059702 

23 

.736934 

23 

118 

17 

8-40/70 

24 

.082713 

24 

.775449 

24 

123 

25 

42-60/70 

25 

.109084 

25 

.811745 

25 

128 

34 

17-10/70 

26 

.138603 

26 

.845531 

26 

133 

42 

51-30/70 

27 

.171031 

27 

.876536 

27 

138 

51 

25-50/70 

28 

.206107 

28 

.904509 

28 

144 

00 

00000000 

29 

.243550 

29 

.929224 

29 

149 

8 

34-20/70 

30 

.283058 

30 

.950484 

30 

154 

17 

8-40/70 

31 

.324313 

31 

.968117 

31 

159 

25 

42-60/70 

32 

.366982 

32 

.981981 

32 

164 

34 

17-10/70 

33 

.410722 

33 

.991965 

33 

169 

42 

51-30/70 

34 

.455180 

34 

.997987 

34 

174 

51 

25-50/70 

35 

.500000 

35 

1.000000 

35 

180 

00 

00000000 

36 

.544820 

36 

.997987 

36 

185 

8 

34-20/70 

37 

.589278 

37 

.991965 

37 

190 

17 

8-40/70 

38 

.633018 

38 

.981981 

38 

195 

25 

42-60/70 

39 

.675687 

39 

.968117 

39 

200 

34 

17-10/70 

40 

.716942 

40 

.950484 

40 

205 

42 

51-30/70 

41 

.756450 

41 

929224 

41 

210 

51 

25-50/70 

42 

.793893 

42 

.904509 

42 

216 

00 

00000000 

43 

.828969 

43 

.876536 

43 

221 

8 

34-20/70 

44 

.861397 

44 

.845531 

44 

226 

17 

8-40/70 

45 

.890916 

45 

.811745 

45 

231 

25 

42-60/70 

46 

.917287 

46 

.775449 

46 

236 

34 

17-10/70 

47 

.940298 

47 

.736934 

47 

241 

42 

51-30/70 

48 

.959764 

48 

.696513 

48 

246 

51 

25-50/70 

49 

.975528 

49 

.654509 

49 

252 

00 

00000000 

50 

.987464 

50 

.611261 

50 

257 

8 

34-20/70 

51 

.995475 

51 

.567117 

51 

262 

17 

8-40/70 

52 

.999497 

52 

.522433 

52 

267 

25 

42-60/70 

53 

.999497 

53 

.477567 

53 

272 

34 

17-10/70 

54 

.995475 

54 

.432883 

54 

277 

42 

51-30/70 

55 

.987464 

55 

.388740 

55 

282 

51 

25-50/70 

56 

.975528 

56 

.345492 

56 

288 

00 

00000000 

57 

.959764 

57 

.303488 

57 

293 

8 

34-20/70 

58 

.940298 

58 

.263066 

58 

298 

17 

8-40/70 

59 

.917287 

59 

.224552 

59 

303 

25 

42-60/70 

60 

.890916 

60 

.188255 

60 

308 

34 

17-10/70 

61 

.861397 

61 

.154469 

<>1 

313 

42 

51-30/70 

62 

.828969 

62 

.123464 

62 

318 

51 

25-50/70 

63 

.793893 

63 

.095492 

63 

324 

00 

00000000 

64 

.756450 

64 

.070776 

64 

329 

8 

34-20/70 

65 

.716942 

65 

.049516 

65 

334 

17 

8-40/70 

66 

.675687 

66 

.031883 

66 

339 

25 

42-60 70 

67 

.633018 

67 

.018019 

67 

344 

34 

17-10/70 

68 

.589278 

68 

.008035 

68 

349 

42 

51-30 70 

69 

.544820 

69 

.002013 

69 

354 

51 

25 -50/70 

70 

.500000 

70 

.000000 

70 

360 

0 

0 
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34 

35 36 37 







FACTOR 

FACTOR 



ANGLE 

OF 

HOLE 



FOR “A” 

FOR "B” 

♦ 


DEG. MIN. 

SEC. 


1 

.455810 

1 

.001957 

1 

5 

4 

13-37/71 


2 

.411966 

2 

.007811 

2 

10 

8 

27- 3/71 


3 

.368811 

3 

.017518 

3 

15 

12 

40-40 71 


4 

.326682 

4 

.031000 

4 

20 

16 

54- 6/71 


5 

.285910 

5 

.048153 

5 

25 

21 

7-43/71 


o 

.246814 

6 

.068843 

6 

30 

25 

21- 9 71 


7 

.209699 

7 

.092907 

7 

35 

29 

34-46/71 


8 

.174856 

8 

.120157 

8 

40 

33 

48-12/71 


9 

.142557 

9 

.150379 

9 

45 

38 

1-49 71 


10 

.113057 

10 

.183338 

10 

50 

42 

15-15 71 


11 

.086584 

11 

.218775 

11 

55 

46 

28-52 71 


12 

.063347 

12 

.256414 

12 

60 

50 

42-18 71 


13 

.043528 

13 

.295958 

13 

65 

54 

55-55 71 

— 

14 

.027281 

14 

.337100 

14 

7(1 

59 

9-21/71 





354 
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COORDINATE FACTORS AND ANGLES 

— 7 1 

HOLE 

DIVISION 


FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR "A" 

FOR **B'* 

4 


DEG. 

MIN. 

SEC. 

15 

.014733 

15 

.379516 

15 

76 

3 

22 - 58/71 

16 

.005984 

16 

.422876 

16 

81 

7 

36 - 24/71 

17 

.001101 

17 

.466839 

17 

86 

11 

49 - 61/71 

18 

.000122 

18 

.511061 

18 

91 

16 

3 - 27/71 

19 

.003056 

19 

.555196 

19 

96 

20 

16 - 64/71 

20 

.009879 

20 

.598901 

20 

101 

24 

30 - 30/71 

21 

.020538 

21 

.641831 

21 

106 

28 

43 - 67/71 

22 

.034949 

22 

.683651 

22 

111 

32 

57 - 33/71 

23 

.053000 

23 

.724033 

23 

116 

37 

10 70/71 

24 

.074549 

24 

.762663 

24 

121 

41 

24 - 36/71 

25 

.099428 

25 

.799236 

25 

126 

45 

38 - 2/71 

26 

.127442 

26 

.833468 

26 

131 

49 

51 - 39/71 

27 

.158372 

27 

.865090 

27 

136 

54 

5 - 5/71 

28 

.191976 

28 

.893854 

28 

141 

58 

18 - 42/71 

29 

.227990 

29 

.919536 

29 

147 

2 

32 - 8/71 

30 

.266133 

30 

.941935 

30 

152 

6 

45 - 45/71 

31 

.306106 

31 

.960874 

31 

157 

10 

59 - 11/71 

32 

.347597 

32 

.976207 

32 

162 

15 

12 - 48/71 

33 

.390281 

33 

.987813 

33 

167 

19 

26 - 14/71 

34 

.433823 

34 

.995601 

34 

172 

23 

39 - 51/71 

35 

.477883 

35 

.999511 

35 

177 

27 

53 - 17/71 

36 

.522117 

36 

.999511 

36 

182 

32 

6 - 54/71 

37 

.566177 

37 

.995601 

37 

187 

36 

20 - 20/71 

38 

.609719 

38 

.987813 

38 

192 

40 

33 - 57/71 

39 

.652403 

39 

.976207 

39 

197 

44 

47 - 23/71 

40 

.693894 

40 

.960874 

40 

202 

49 

00 - 60/71 

41 

.733868 

41 

.941935 

41 

207 

53 

14 - 26/71 

42 

.772010 

42 

.919536 

42 

212 

57 

27 - 63/71 

43 

.808024 

43 

.893854 

43 

218 

1 

41 - 29/71 

44 

.841628 

44 

.865090 

44 

223 

5 

54 - 66/71 

45 

.872558 

45 

.833468 

45 

228 

10 

8 - 32/71 

46 

.900572 

46 

.799236 

46 

233 

14 

21 - 69/71 

47 

.925451 

47 

.762663 

47 

238 

18 

35 - 35/71 

48 

.947000 

48 

.724033 

48 

243 

22 

49 - 1/71 

49 

.965051 

49 

.683651 

49 

248 

27 

2 - 38/71 

50 

.979462 

50 

.641831 

50 

253 

31 

16 - 4/71 

51 

.990121 

51 

.598901 

51 

258 

35 

29 - 41/71 

52 

.996944 

52 

.555196 

52 

263 

39 

43 - 7/71 

53 

.999878 

53 

.511061 

53 

268 

43 

56 - 44/71 

54 

.998899 

54 

.466839 

54 

273 

48 

10 - 10/71 

55 

.994016 

55 

.422876 

55 

278 

52 

23 - 47/71 

56 

.985267 

56 

.379516 

56 

283 

56 

37 - 13/71 

57 

.972719 

57 

.337100 

57 

289 

00 

50 - 50/71 

58 

.956472 

58 

.295958 

58 

294 

5 

4 - 16/71 

59 

.936653 

59 

.256414 

59 

299 

9 

17 - 53/71 

60 

.913416 

60 

.218775 

60 

304 

13 

31 - 19/71 

61 

.886944 

61 

.183338 

61 

309 

17 

44 - 56/71 

62 

.857443 

62 

.150379 

62 

314 

21 

58 - 22/71 

63 

.825144 

63 

.120157 

63 

319 

26 

11 - 59/71 

64 

.790301 

64 

.092907 

64 

324 

30 

25 - 25/71 

65 

.753187 

65 

.068843 

65 

329 

34 

38 - 62/71 

66 

.714090 

66 

.048153 

66 

334 

38 

52 - 28/71 

67 

.673318 

67 

.031000 

67 

339 

43 

5 - 65/71 

68 

.631190 

68 

.017518 

68 

344 

47 

19 - 31/71 

69 

.588034 

69 

.007811 

69 

349 

51 

32 - 68/71 

70 

.544190 

70 

.001957 

70 

354 

55 

46 - 34/71 

71 

.500000 

71 

. 000000 

71 

360 

0 

0 
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> 

D 

ISION 


FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR “A” 

FOR “B” 

4 


DEG. 

MIN. 

SEC. 

15 

.017037 

15 

.370591 

15 

75 

0 

0 

16 

.007596 

16 

.413176 

16 

80 

0 

0 

17 

.001903 

17 

.456422 

17 

85 

0 

0 

18 

.000000 

18 

.500000 

18 

90 

0 

0 

19 

.001903 

19 

.543578 

19 

95 

0 

0 

20 

.007596 

20 

.586824 

20 

100 

0 

0 

21 

.017037 

21 

.629410 

21 

105 

0 

0 

22 

.030154 

22 

.671010 

22 

110 

0 

0 

23 

.046846 

23 

.711309 

23 

115 

0 

0 

24 

.066987 

24 

.750000 

24 

120 

0 

0 

25 

.090424 

25 

.786788 

25 

125 

0 

0 

26 

.116978 

26 

.821394 

26 

130 

0 

0 

27 

.146447 

27 

.853553 

27 

135 

0 

0 

28 

.178606 

28 

.883022 

28 

140 

0 

0 

29 

.213212 

29 

.909576 

29 

145 

0 

0 

30 

.250000 

30 

.933013 

30 

150 

0 

0 

31 

.288691 

31 

.953154 

31 

155 

0 

0 

32 

.328990 

32 

.969846 

32 

160 

0 

0 

33 

.370591 

33 

.982963 

33 

165 

0 

0 

34 

.413176 

34 

.992404 

34 

170 

0 

0 

35 

.456422 

35 

.998097 

35 

175 

0 

0 

36 

.500000 

36 

1.000000 

36 

180 

0 

0 

37 

.543578 

37 

.998097 

37 

185 

0 

0 

38 

.586824 

38 

.992404 

38 

190 

0 

0 

39 

.629410 

39 

.982963 

39 

195 

0 

0 

40 

.671010 

40 

.969846 

40 

200 

0 

0 

41 

.711309 

41 

.953154 

41 

205 

0 

0 

42 

.750000 

42 

.933013 

42 

210 

0 

0 

43 

.786788 

43 

.909576 

43 

215 

0 

0 

44 

.821394 

44 

.883022 

44 

220 

0 

0 

45 

.853553 

45 

.853553 

45 

225 

0 

0 

46 

.883022 

46 

.821394 

46 

230 

0 

0 

47 

.909576 

47 

.786788 

47 

235 

0 

0 

48 

.933013 

48 

.750000 

48 

240 

0 

0 

49 

.953154 

49 

.711309 

49 

245 

0 

0 

50 

.969846 

50 

.671010 

50 

250 

0 

0 

51 

.982963 

51 

.629410 

51 

255 

0 

0 

52 

.992404 

52 . 

.586824 

52 

260 

0 

0 

53 

.998097 

53 

.543578 

53 

265 

0 

0 

54 

1.000000 

54 

.500000 

54 

270 

0 

0 

55 

.998097 

55 

.456422 

55 

275 

0 

0 

56 

.992404 

56 

.413176 

56 

280 

0 

0 

57 

.982963 

57 

.370591 

57 

285 

0 

0 

58 

.969846 

58 

.328990 

58 

290 

0 

0 

59 

.953154 

59 

.288691 

59 

295 

0 

0 

60 

.933013 

60 

.250000 

60 

300 

0 

0 

61 

.909576 

61 

.213212 

61 

305 

0 

0 

62 

.883022 

62 

.178606 

62 

310 

0 

0 

63 

.853553 

63 

.146447 

63 

315 

0 

0 

64 

.821394 

64 

.116978 

64 

320 

0 

0 

65 

.786788 

65 

.090424 

65 

325 

0 

0 

66 

.750000 

66 

.066987 

66 

330 

0 

0 

67 

.711309 

67 

.046846 

67 

335 

0 

0 

68 

.671010 

68 

.030154 

68 

340 

0 

0 

69 

.629410 

69 

.017037 

69 

345 

0 

0 

70 

. 586824 

70 

.007596 

70 

350 

0 

0 

71 

.543578 

71 

.001903 

71 

355 

0 

0 

72 

.500000 

72 

.000000 

72 

360 

0 

0 
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35 

36 37 38 






FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR “A” 

FOR 

«B" 

♦ 


DEG. 

MIN. 

SEC. 

1 

.457018 

1 


.001851 

1 

4 

55 

53 - 31/73 

2 

.414353 

2 


.007390 

2 

9 

51 

46 - 62/73 

3 

.372323 

3 


.016576 

3 

14 

47 

40 - 20/73 

4 

.331239 

4 


.029341 

4 

19 

43 

33-51 73 

5 

.291403 

5 


.045591 

5 

24 

39 

27 - 9 73 

6 

.253112 

6 


.065205 

6 

29 

35 ~ 

20-40 73 

7 

.216649 

7 


.088038 

7 

34 

31 

13 71/73 

8 

.182284 

8 


.113922 

8 

39 

27 

7-29 73 

9 

.150271 

9 


.142663 

9 

44 

23 

00-60 73 

10 

.120847 

10 


.174051 

10 

49 

18 

54-18 73 

11 

.094230 

11 


.207851 

11 

54 

14 

47 - 49/73 

12 

.070618 

12 


.243814 

12 

59 

10 

41 - 7/73 

13 

050185 

13 


.281674 

13 

64 

6 

34 - 38/73 

14 

.033081 

14 


.321151 

14 

69 

2 

27-69 73 

15 

019435 

15 


.361952 

15 

73 

58 

21-27 7 3 
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FACTOR FACTOR ANGLE OF HOLE 

FOR "A" FOR “B” } DEG. MIN. SEC. 


16 

.009347 

16 

.403774 

16 

78 

54 

14 - 58/73 

17 

.002891 

17 

.446309 

17 

83 

50 

8 - 16/73 

18 

.000116 

18 

.489242 

18 

88 

46 

1 - 47/73 

19 

.001041 

19 

.532254 

19 

93 

41 

55 - 5/73 

20 

.005661 

20 

.575028 

20 

98 

37 

48 - 36/73 

21 

.013941 

21 

.617246 

21 

103 

33 

41 - 67/73 

22 

.025819 

22 

.658595 

22 

108 

29 

35 - 25/73 

23 

.041208 

23 

.698771 

23 

113 

25 

28 - 56/73 

24 

.059994 

24 

.737476 

24 

118 

21 

22 - 14/73 

25 

.082037 

25 

.774421 

25 

123 

17 

15 - 45/73 

26 

.107175 

26 

.809336 

26 

128 

13 

9 - 3/73 

27 

.135221 

27 

.841960 

27 

133 

9 

2 - 34/73 

28 

.165968 

28 

.872052 

28 

138 

4 

55 65/73 

29 

.199188 

29 

.899390 

29 

143 

00 

49 23/73 

30 

.234635 

30 

.923770 

30 

147 

56 

42 - 54/73 

31 

.272047 

31 

.945014 

31 

152 

52 

36 - 12/73 

32 

.311146 

32 

.962962 

32 

157 

48 

29 - 43/73 

33 

.351644 

33 

.977483 

33 

162 

44 

23 - 1/73 

34 

.393240 

34 

.988469 

34 

167 

40 

16 - 32/73 

35 

.435626 

35 

.995839 

35 

172 

36 

9 - 63/73 

36 

.478489 

36 

.999537 

36 

177 

32 

3 - 21/73 

37 

.521511 

37 

.999537 

37 

182 

27 

56 - 52/73 

38 

.564374 

38 

.995839 

38 

187 

23 

50 - 10/73 

39 

.606760 

39 

.988469 

39 

192 

19 

43 - 41/73 

40 

.648356 

40 

.977483 

40 

197 

15 

36 - 72/73 

41 

.688854 

41 

.962962 

41 

202 

11 

30 - 30/73 

42 

.727953 

42 

.945014 

42 

207 

7 

23 - 61/73 

43 

.765365 

43 

.923770 

43 

212 

3 

17 - 19/73 

44 

.800812 

44 

.899390 

44 

216 

59 

10 - 50/73 

45 

.834032 

45 

.872052 

45 

221 

55 

4 - 8/73 

•16 

.864779 

46 

.841960 

46 

226 

50 

57 - 39/73 

47 

.892825 

47 

.809336 

47 

231 

46 

50 - 70/73 

48 

.917963 

48 

.774421 

48 

236 

42 

44 - 28/73 

49 

.940006 

49 

.737476 

49 

241 

38 

37 - 59/73 

50 

.958792 

50 

.698771 

50 

246 

34 

31 - 17/73 

51 

.974181 

51 

.658595 

51 

251 

30 

24 - 48/73 

52 

.986059 

52 

.617246 

52 

256 

26 

18 - 6/73 

53 

.994339 

53 

.575028 

53 

261 

22 

11 - 37/73 

54 

.998959 

54 

.532254 

54 

266 

18 

4 - 68/73 

55 

.999884 

55 

.489242 

55 

271 

13 

58 - 26/73 

56 
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40 

31 - 13/77 

2 

.418762 

2 

.006644 

2 

9 

21 

2 - 26/77 

3 

.378819 

3 

.014907 

3 

14 

1 

33 - 39/77 

4 

.339683 

4 

.026399 

4 

18 

42 

4 - 52/77 

5 

.301613 

5 

.041042 

5 

23 

22 

35 - 65/77 

6 

.264864 

6 

.058739 

6 

28 

3 

7 - 1/77 

7 

.229680 

7 

.079373 

7 

32 

43 

38 - 14/77 

8 

.196294 

8 

.102806 

8 

37 

24 

9 - 27/77 

9 

.164930 

9 

.128883 

9 

42 

4 

40 - 40/77 

10 

.135795 

10 

.157429 

10 

46 

45 

11 - 53/77 

11 

.109084 

11 

.188255 

11 

51 

25 

42 - 66/77 

12 

.084975 

12 

.221156 

12 

56 

6 

14 - 2/77 

13 

.063627 

13 

.255912 

13 

60 

46 

45 - 15/77 

14 

.045184 

14 

.262293 

14 

65 

27 

16 - 28/77 

15 

.029767 

15 

.330055 

15 

70 

7 

47 - 41/77 

16 

.017480 

16 

. 36864 ') 

16 

74 

48 

18 - 54/77 
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COORDINATE FACTORS AND ANGLES —77 HOLE DIVISION 



FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR “A” 

FOR 4, B” 

4 


DEG. 

MIN. 

SEC. 

17 

.008404 

17 

.408715 

17 

79 

28 

49 - 67/77 

18 

.002599 

18 

.449089 

18 

84 

9 

21 - 3/77 

19 

.000104 

19 

.489801 

19 

88 

49 

52 - 16/77 

20 

.000936 

20 

.530581 

20 

93 

30 

23 - 29/77 

21 

.005089 

21 

.571157 

21 

98 

10 

54 - 42/77 

22 

.012536 

22 

.611260 

22 

102 

51 

25 - 55/77 

23 

.023227 

23 

.650623 

23 

107 

31 

56 - 68/77 

24 

.037090 

24 

. 688983 

24 

112 

12 

28 - 4/77 

25 

.054035 

25 

.726086 

25 

116 

52 

59 - 17/77 

26 

.073947 

26 

.761685 

26 

121 

33 

30 - 30/77 

27 

.096694 

27 

.795541 

27 

126 

14 

1 - 43/77 

28 

.122125 

28 

.827430 

28 

130 

54 

32 - 56/77 

29 

.150071 

29 

.857141 

29 

135 

35 

3 - 69/77 

30 

.180346 

30 

.884475 

30 

140 

15 

35 - 5/77 

31 

.212748 

31 

.909251 

31 

144 

56 

6 - 18/77 

32 

.247061 

32 

.931303 

32 

149 

36 

37 - 31/77 

33 

.283058 

33 

.950484 

33 

154 

17 

8 - 44/77 

34 

.320499 

34 

.966668 

34 

158 

57 

39 - 57/77 

35 

.359134 

35 

.979746 

35 

163 

38 

10 - 70/77 

36 

.398706 

36 

.989632 

36 

168 

18 

42 - 6/77 

37 

.438953 

37 

.996259 

37 

172 

59 

13 - 19/77 

38 

.479606 

38 

.999584 

38 

177 

39 

44 - 32/77 

39 

.520395 

39 

.999584 

39 

182 

20 

15 - 45/77 

40 

.561047 

40 

.996259 

40 

187 

00 

46 - 58/77 

41 

.601294 

41 

.989632 

41 

191 

41 

17 - 71/77 

42 

.640866 

42 

.979746 

42 

196 

21 

49 - 7/77 

43 

.679501 

43 

.966668 

43 

201 

2 

20 - 20/77 

44 

.716942 

44 

.950484 

44 

205 

42 

51 - 33/77 

45 

.752939 

45 

.931303 

45 

210 

23 

22 - 46/77 

46 

.787252 

46 

.909251 

46 

215 

3 

53 - 59/77 

47 

.819654 

47 

.884475 

47 

219 

44 

24 - 72/77 

48 

.849929 

48 

.857141 

48 

224 

24 

56 - 8/77 

49 

.877874 

49 

.827430 

49 

229 

5 

27 - 21/77 

50 

.903306 

50 

.795541 

50 

233 

45 

58 - 34/77 

51 

.926053 

51 

.761685 

51 

238 

26 

29 - 47/77 

52 

.945965 

52 

.726086 

52 

243 

7 

00 - 60/77 

53 

.962910 

53 

.688983 

53 

247 

47 

31 - 73/77 

54 

.976773 

54 

.650623 

54 

252 

28 

3 - 9/77 

55 

.987464 

55 

.611260 

55 

257 

8 

34 - 22/77 

56 

.994911 

56 

.571157 

56 

261 

49 

5 - 35/77 

57 

.999064 

57 

.530581 

57 

266 

29 

36 - 48/77 

58 

.999896 

58 

.489801 

58 

271 

10 

7 - 61/77 

59 

.997401 

59 

.449089 

59 

275 

50 

38 - 74/77 

60 

.991596 

60 

.408715 

60 

280 

31 

10 - 10/77 

61 

.982520 

61 

.368949 

61 

285 

11 

41 - 23/77 

62 

.970233 

62 

.330055 

62 

289 

52 

12 - 36/77 

63 

.954816 

63 

.292293 

63 

294 

32 

43 - 49/77 

64 

.936373 

64 

.255912 

64 

299 

13 

14 - 62/77 

65 

.915025 

65 

.221156 

65 

303 

53 

45 - 75/77 

66 

.890916 

66 

. 188255 

66 

308 

34 

17 - 11/77 

67 

.864205 

67 

.157429 

67 

313 

14 

48 - 24/77 

68 

.835070 

68 

.128883 

68 

317 

55 

19 - 37/77 

69 

80.3706 

69 

. 102806 

69 

322 

35 

50 - 50/77 

70 

.770320 

70 

.079373 

70 

327 

16 

21 - 63/77 

71 

.735136 

71 

.058739 

71 

3.31 

56 

52 - 76/77 

72 

.698387 

72 

.041042 

72 

336 

37 

24 - 12/77 

73 

. 660317 

73 

.026399 

73 

341 

17 

55 - 25/77 

74 

.621181 

74 

.014907 

74 

345 

58 

26 - 38/77 

75 

.581238 

75 

.006644 

75 

350 

38 

57 - 51/77 

76 

.540755 

76 

.001664 

76 

355 

19 

28 - 64/77 

77 

500000 

77 

. 000000 

77 

3 00 

0 

0 
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*► 

FACTOR 

FOR “A” 

FACTOR 

FOR “B” 

4 


ANGLE OF 

HOLE 

DEG. 

MIN. 

SEC. 

1 

.459767 

1 

.001621 

1 

4 

36 

55-30/78 

2 

.419794 

2 

.006475 

2 

9 

13 

50-60/78 

3 

.380342 

3 

.014529 

3 

13 

50 

46-12/78 

4 

.341666 

4 

.025732 

4 

18 

27 

41-42/78 

5 

.304017 

5 

.040010 

5 

23 

4 

36-72/78 

6 

.267638 

6 

.057272 

6 

27 

41 

32-24/78 

7 

.232767 

7 

.077405 

7 

32 

18 

27-54/78 

8 

.199629 

8 

.100279 

8 

36 

55 

23- 6/78 

9 

.168439 

9 

.125745 

9 

41 

32 

18-36/78 

10 

.139399 

10 

.153638 

10 

46 

9 

13-66/78 

11 

.112698 

11 

. 183777 

11 

50 

46 

9-18/78 

12 

.088508 

12 

.215968 

12 

55 

23 

4-48/78 

13 

.066987 

13 

.250000 

13 

60 

00 

oooooooo 

14 

.048275 

14 

.285654 

14 

64 

36 

55-30/78 

15 

.032492 

15 

.322698 

15 

69 

13 

50-60/78 

16 

.019741 

16 

.360891 

16 

73 

50 

46-12/78 
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FACTOR FACTOR ANOIE OF HOIE 



FOR “A" 

FOR “B” 

♦ 


DEO. 

MIN. 

SEC. 

17 

.010105 

17 

.399987 

17 

78 

27 

41-42/78 

18 

.003646 

18 

.439732 

18 

83 

4 

36-72/78 

19 

.000406 

19 

.479867 

19 

87 

41 

32-24/78 

20 

.000406 

20 

.520133 

20 

92 

18 

27-54/78 

21 

.003646 

21 

.560268 

21 

96 

55 

23- 6/78 

22 

.010105 

22 

.600013 

22 

101 

32 

18-36/78 

23 

.019741 

23 

.639109 

23 

106 

9 

13-66/78 

24 

.032492 

24 

.677302 

24 

110 

46 

9-18/78 

25 

.048275 

25 

.714346 

25 

115 

23 

4-48/78 

26 

.066987 

26 

.750000 

26 

120 

00 

00000000 

27 

.088508 

27 

.784032 

27 

124 

36 

55-30/78 

28 

.112698 

28 

.816223 

28 

129 

13 

50-60/78 

29 

.139399 

29 

.846362 

29 

133 

50 

46-12/78 

30 

.168439 

30 

.874255 

30 

138 

27 

41-42/78 

31 

.199629 

31 

.899721 

31 

143 

4 

36-72/78 

32 

.232767 

32 

.922595 

32 

147 

41 

32-24/78 

33 

.267638 

33 

.942728 

33 

152 

18 

27-54/78 

34 

.304017 

34 

.959990 

34 

156 

55 

23- 6/78 

35 

.341666 

35 

.974268 

35 

161 

32 

18-36/78 

36 

.380342 

36 

.985471 

36 

166 

9 

13-66/78 

37 

.419794 

37 

.993525 

37 

170 

46 

9-18/78 

38 

.459767 

38 

.998379 

38 

175 

23 

4-48/78 

39 

.500000 

39 

1.000000 

39 

180 

00 

00000000 

40 

.540233 

40 

.998379 

40 

184 

36 

55-30/78 

41 

.580206 

41 

.993525 

41 

189 

13 

50-60/78 

42 

.619658 

42 

.985471 

42 

193 

50 

46-12/78 

43 

.658334 

43 

.974268 

43 

198 

27 

41-42/78 

44 

.695983 

44 

.959990 

44 

203 

4 

36-72/78 

45 

.732362 

45 

.942728 

45 

207 

41 

32-24/78 

46 

.767233 

46 

.922595 

46 

212 

18 

27-54/78 

47 

.800371 

47 

.899721 

47 

216 

55 

23- 6/78 

48 

.831561 

48 

.874255 

48 

221 

32 

18-36/78 

49 

.860601 

49 

.846362 

49 

226 

9 

13-66/78 

50 

.887302 

50 

.816223 

50 

230 

46 

9-18/78 

51 

.911492 

51 

.784032 

51 

235 

23 

4-48/78 

52 

.933013 

52 

.750000 

52 

240 

00 

00000000 

53 

.951725 

53 

.714346 

53 

244 

36 

55-30/78 

54 

.967508 

54 

.677302 

54 

249 

13 

50-60/78 

55 

.980259 

55 

.639109 

55 

253 

50 

46-12/78 

56 

.989895 

56 

.600013 

56 

258 

27 

41-42/78 

57 

.996354 

57 

.560268 

57 

263 

4 

36-72/78 

58 

.999595 

58 

.520133 

58 

267 

41 

32-24/78 

59 

.999595 

59 

.479867 

59 

272 

18 

27-54/78 

60 

.996354 

60 

.439732 

60 

276 

55 

23- 6/78 

61 

.989895 

61 

.399987 

61 

281 

32 

18-36/78 

62 

.980259 

62 

.360891 

62 

286 

9 

13-66/78 

63 

.967508 

63 

.322698 

63 

290 

46 

9-18/78 

64 

.951725 

64 

.285654 

64 

295 

23 

4-48/78 

65 

.933013 

65 

. 250000 

65 

300 

00 

00000000 

66 

.911492 

66 

.215968 

66 

304 

36 

55-30/78 

67 

.887302 

67 

.183777 

67 

309 

13 

50-60/78 

68 

.860601 

68 

.153638 

68 

313 

50 

46-12/78 

69 

.831561 

69 

.125745 

69 

318 

27 

41-42/78 

70 

.800371 

70 

.100279 

70 

323 

4 

36-72/78 

iV 

.767233 

' 71 

.077405 

71 

327 

41 

32-24/78 

72 

.732362 

72 

.057272 

72 

332 

18 

27-54/78 

73 

.695983 

73 

.040010 

73 

336 

55 

23- 6/78 

74 

.658334 

74 

.025732 

74 

341 

32 

18-36/78 

75 

.619658 

75 

.014529 

75 

346 

9 

13-66/78 

76 

.580206 

76 

.006475 

76* 

350 

46 

9-18/78 

77 

.540233 

77 

.001621 

77 

355 

23 

4-48/78 

78 

.500000 

78 

. 000000 

78 

360 

0 
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79 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 




FACTOR 

FOR M A” 

FACTOR 

FOR “B" 

♦ 


ANGLE OF 

HOLE 

DEG. 

MIN. 

SEC. 

1 

.460275 

1 

.001581 

1 

4 

33 

25- 5/79 

2 

.420801 

2 

.006312 

2 

9 

6 

50-10/79 

3 

.381828 

3 

.014165 

3 

13 

40 

15-15/79 

4 

.343602 

4 

.025090 

4 

18 

13 

40-20/79 

5 

.306364 

5 

.039017 

5 

22 

47 

5-25/79 

6 

.270351 

6 

.055858 

6 

27 

20 

30 30/79 

7 

.235790 

7 

.075508 

7 

31 

53 

55-35/79 

8 

.202899 

8 

.097842 

8 

36 

27 

20-40/79 

9 

.171887 

9 

.122718 

9 

41 

00 

45-45/79 

10 

.142949 

10 

.149979 

10 

45 

34 

10-50/79 

11 

.116269 

11 

.179453 

11 

50 

T~ 

35-55/79 

12 

.092014 

12 

.210954 

12 

54 

41 

00-60/79 

13 

.070339 

13 

.244282 

13 

59 

14 

25-65/79 

14 

.051381 

14 

.279227 

14 

63 

47 

50-70/79 

IS 

.035258 

15 

.315568 

15 

68 

21 

15-75/79 

16 

.022074 

16 

.353075 

16 

72 

54 

41- 1/79 
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FACTOR 

FACTOR 



ANOLE OF 

HOLE 


FOR "A" 

FOR “B" 

♦ 


DEO. 

MIN. 

SEC. 

17 

.011912 

17 

.391511 

17 

77 

28 

6- 6/79 

18 

.004835 

18 

.430632 

18 

82 

1 

31-11/79 

19 

.000889 

19 

.470192 

19 

86 

34 

56-16/79 

20 

.000099 

20 

.509941 

20 

91 

8 

21-21/79 

21 

.002469 

21 

.549627 

21 

95 

41 

46-26/79 

22 

.007985 

22 

.588999 

22 

100 

15 

11-31/79 

36-36/79 

23 

.016611 

23 

627808 

23 

104 

48 

24 

.028293 

24 

.665810 

24 

109 

22 

1-41/79 

25 

.042958 

25 

.702763 

25 

113 

55 

26-46/79 

26 

.060512 

26 

.738434 

26 

118 

28 

51-51/79 

27 

.080845 

27 

.772597 

27 

123 

2 

16-56/79 

28 

.103828 

28 

.805038 

28 

127 

35 

41-61/79 

29 

.129316 

29 

.835549 

29 

132 

9 

6-66/79 

30 

.157147^ 

30 

863939 

30 

136 

42 

31-71/79 

31 

.187146 

31 

.890029 

31 

141 

15 

56-76/79 

32 

.219123 

32 

.913652 

32 

145 

49 

22- 2/79 

33 

.252875 

33 

.934660 

33 

150 

22 

47- 7/79 

34 

.288190 

34 

.952920 

34 

154 

56 

12-12/79 

35 

324845 

35 

968317 

35 

159 

29 

37-17/79 

36 

.362606 

36 

.980752 

36 

164 

3 

2-22/79 

37 

.401236 

37 

.990149 

37 

168 

36 

27-27/79 

38 

.440491 

38 

.996446 

38 

173 

9 

52-32/79 

39 

.480122 

39 

.999605 

39 

177 

43 

17-37/79 

40 

.519878 

40 

.999605 

40 

182 

16 

42-42/79 

41 

.559509 

41 

.996446 

41 

186 

50 

7-47/79 

42 

.598764 

42 

.990149 

42 

191 

23 

32-52/79 

43 

.637394 

43 

.980752 

43 

195 

56 

57-57/79 

44 

.675155 

44 

.968317 

44 

200 

30 

22-62/79 

45 

.711810 

45 

952920 

45 

205 

3 

47-67/79 

46 

.747125 

46 

.934660 

46 

209 

37 

12-72/79 

47 

.780877 

47 

913652 

47 

214 

10 

37-77/79 

48 

812854 

48 

.890029 

48 

218 

44 

3- 3/79 

49 

.842853 

49 

.863939 

49 

223 

17 

28- 8/79 

50 

.870684 

50 

835549 

50 

227 

50 

53-13/79 

51 

.896172 

51 

.805038 

51 

232 

24 

18-18/79 

52 

.919155 

52 

.772597 

52 

236 

57 

43-23/79 

53 

.939488 

53 

.738434 

53 

241 

31 

8 28/79 

54 

.957042 

54 

.702763 

54 

246 

4 

33 33/79 

55 

.971707 

55 

.665810 

55 

250 

37 

58 38/79 

56 

.983389 

56 

.627808 

56 

255 

11 

23-43/79 

57 

.992015 

57 

.588999 

57 

259 

44 

48-48/79 

58 

.997531 

58 

.549627 

58 

264 

18 

13-53/79 

59 

.999901 

59 

.509941 

59 

268 

51 

38-58/79 

60 

.999111 

60 

470192 

60 

273 

25 

3 63/79 

61 

.995165 

61 

.430632 

61 

277 

58 

28 68/79 

62 

.988088 

62 

.391511 

62 

282 

31 

53-73/79 

63 

.977926 

63 

.353075 

63 

287 

5 

18 78/79 

64 

.964742 

64 

315568 

64 

291 

38 

44- 4/79 

65 

.948619 

65 

.279227 

65 

296 

12 

9 9/79 

66 

.929661 

66 

.244282 

66 

300 

45 

34 14/79 

67 

.907986 

67 

.210954 

67 

305 

18 

59 19/79 

68 

.883731 

68 

.179453 

68 

309 

52 

24-24/79 

69 

.857051 

69 

.149979 

69 

314 

25 

49 29/79 

70 

828113 

70 

122718 

70 

318 

59 

14 34/79 

71 

.797101 

71 

.097842 

71 

323 

32 

39-39/79 

72 

.764210 

72 

.075508 

72 

.328 

6 

4-44/79 
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16 

5-70/82 

76 

.721860 

1 (> 

.051917 

76 

333 

39 

30-60/82 

77 

.686909 

77 

.036249 

77 

338 

2 

55-50/82 

78 

.650860 

78 

.023302 

78 

342 

26 

20-40/82 

79 

.613927 

79 

.013152 

79 

346 

49 

45-30/82 

80 

.576325 

80 

.005859 

80 

351 

13 

10-20/82 

81 

.538275 

81 

.001467 

81 

355 

36 

35-10/82 

82 

.500000 

82 

.000000 

82 

360 

0 

0 
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Original from 
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83 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 




FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR "A" 

FOR "B" 

» 


DEO. 

MIN. 

SEC. 

1 

.462186 

l 

.001432 

1 

4 

20 

14-38 83 

2 

.424588 

2 

.005720 

2 

8 

40 

28-76 83 

3 

.387422 

3 

.012838 

3 

13 

00 

43-31/83 

4 

.350901 

4 

.022748 

4 

17 

20 

57-69 83 

5 

315234 

5 

.035391 

5 

21 

41 

12-24 83 

6 

280625 

6 

.050695 

6 

26 

1 

26-62 83 

7 

.247273 

7 

.068573 

7 

30 

21 

41-17/83 

8 

215369 

8 

.088922 

8 

34 

41 

55-55/83 

9 

.185095 

9 

.111626 

9 

39 

2 

10-10 83 

10 

156624 

10 

.136554 

10 

43 

22 

24—48 83 

11 

.130121 

11 

.163564 

11 

47 

42 

39- 3/83 

12 

.105736 

12 

.192501 

12 

52 

■> 

53-41/83 

13 

.083609 

13 

.223199 

13 

56 

23 

7-79/83 

14 

063868 

14 

255483 

14 

60 

43 

22-34/83 

15 

046624 

15 

.289167 

15 

65 

3 

36-72 '83 

16 

031978 

16 

324059 

16 

69 

23 

51-27/83 

17 

020012 

17 

.359959 

17 

73 

44 

5-65 83 
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Digitized by boogie 


Original from 

UNIVERSITY OF MICHIGAN 






COORDINATE 

FACTORS 

AND ANGLES 

— 8 3 

HOLE 

DIVISION 


FACTOR 

FACTOR 


ANGLE OF 

HOLE 


FOR “A” 

FOR “B” 4 


DEG. 

MIN. 

SEC. 

18 

.010795 

18 

.396661 

18 

78 

4 

20-20/83 

19 

.004381 

19 

.433955 

19 

82 

24 

34-58/83 

20 

.000806 

20 

.471627 

20 

86 

44 

49-13/83 

21 

.000090 

21 

.509462 

21 

91 

5 

3-51/83 

22 

.002237 

22 

.547243 

22 

95 

25 

18- 6/83 

23 

.007235 

23 

.584752 

23 

99 

45 

32-44/83 

24 

.015056 

24 

.621777 

24 

104 

5 

46-82/83 

25 

.025655 

25 

.658104 

25 

108 

26 

1-37/83 

26 

.038971 

26 

.693525 

26 

112 

46 

15-75/83 

27 

.054927 

27 

.727838 

27 

117 

6 

30-30/83 

28 

.073433 

28 

.760846 

28 

121 

26 

44-68/83 

29 

.094382 

29 

.792359 

29 

125 

46 

59-23/83 

30 

.117654 

30 

.822199 

30 

130 

7 

13-61/83 

31 

.143117 

31 

.850192 

31 

134 

27 

28-16/83 

32 

.170624 

32 

.876180 

32 

138 

47 

42-54/83 

33 

.200017 

33 

.900013 

33 

143 

7 

57- 9/83 

34 

.231129 

34 

.921554 

34 

147 

28 

11-47/83 

35 

.263780 

35 

.940682 

35 

151 

48 

26- 2/83 

36 

.297785 

36 

.957284 

36 

156 

8 

40-40/83 

37 

.332948 

37 

.971268 

37 

160 

28 

54-78/83 

38 

.369068 

38 

.982552 

38 

164 

49 

9-33/83 

39 

.405938 

39 

.991073 

39 

169 

9 

23-71/83 

40 

.443346 

40 

996780 

40 

173 

29 

38-26/83 

41 

.481079 

41 

999642 

41 

177 

49 

52-64/83 

42 

.518921 

42 

.999642 

42 

182 

10 

7-19/83 

43 

.556654 

43 

.996780 

43 

186 

30 

21-57/83 

44 

.594062 

44 

991073 

44 

190 

50 

36-12/83 

45 

.630932 

45 

982552 

45 

195 

10 

50-50/83 

46 

.667052 

46 

.971268 

46 

199 

31 

5- 5/83 

47 

.702215 

47 

.957284 

47 

203 

51 

19-43/83 

48 

.736220 

48 

940682 

48 

208 

11 

33-81/83 

49 

.768871 

49 

.921554 

49 

212 

31 

48-36/83 

50 

.799983 

50 

.900013 

50 

216 

52 

2-74/83 

51 

.829376 

51 

.876180 

51 

221 

12 

17-29/83 

52 

.856883 

52 

.850192 

52 

225 

32 

31-67/83 

53 

.882346 

53 

.822199 

53 

229 

52 

46-22/83 

54 

.905618 

54 

.792359 

54 

234 

13 

00-60/83 

55 

.926567 

55 

760846 

55 

238 

33 

15-15/83 

56 

.945073 

56 

.727838 

56 

242 

53 

29-53/83 

57 

.961029 

57 

.693525 

57 

247 

13 

44- 8/83 

58 

.974345 

58 

.658104 

58 

251 

33 

58-46/83 

59 

.984944 

59 

.621777 

59 

255 

54 

13- 1/83 

60 

.992765 

60 

. 584752 

60 

260 

14 

27-39/83 

61 

.997763 

61 

.547243 

61 

264 

34 

41-77/83 

62 

.999910 

62 

509462 

62 

268 

54 

56-32/83 

63 

.999194 

63 

.471627 

63 

273 

15 

10-70/83 

64 

.995619 

64 

.433955 

64 

277 

35 

25-25/83 

65 

.989205 

65 

.396661 

65 

281 

55 

39-63/83 

66 

979988 

66 

.359959 

66 

286 

15 

54-18/83 

67 

.968022 

67 

.324059 

67 

290 

36 

8-56/83 

68 

.953376 

68 

.289167 

68 

294 

56 

23-11/83 

69 

.936132 

69 

.255483 

69 

299 

16 

37-49/83 

70 

.916391 

70 

223199 

70 

303 

36 

52- 4/83 

71 

894264 

71 

.192501 

71 

307 

57 

6-42/83 

72 

.869879 

72 

.163564 

72 

312 

17 

20-80/83 

73 

.843376 

73 

.136554 

73 

316 

37 

35-35/83 

74 

.814905 

74 

.111626 

74 

320 

57 

49-73/83 

75 

.784631 

75 

088922 

75 

325 

18 

4-28/83 

76 

.752727 

76 

.068573 

76 

329 

38 

18-66/83 

77 

.719375 

77 

.050695 

77 

333 

58 

33-21/83 

78 

.684766 

78 

.035391 

78 

338 

18 

47-59/83 

79 

.649099 

79 

.022748 

79 

342 

39 

2-14/83 

80 

.612578 

80 

.012838 

80 

346 

59 

16-52/83 

81 

.575412 

81 

.005720 

81 

351 

19 

31- 7/83 

82 

.537814 

82 

.001432 

82 

355 

39 

45-45/83 

83 

.500000 

83 

.000000 

83 

360 

0 

0 
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Original from 
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84 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 



FACTOR FACTOR ANOiE OF HOLE 



FOR “A” 

Folk "B" 

4 



DEO. 

MIN. 

SEC. 

1 

.462635 

I 

.001398 


1 

4 

17 

8-48/84 

2 

.425479 

2 

.005585 


2 

8 

34 

17-12/84 

3 

.388740 

3 

.012536 


3 

12 

51 

25-60/84 

4 

.352622 

4 

.022214 


4 

17 

8 

34-24/84 

5 

.317329 

5 

.034563 


5 

21 

25 

42-72/84 

6 

.283058 

6 

.049516 


6 

25 

42 

51-36/84 

7 

.250000 

7 

.066987 


7 

30 

00 

00000000 

8 

.218340 

8 

.086881 


8 

34 

17 

8-48/84 

9 

.188255 

9 

.109084 


9 

38 

34 

17-12/84 

10 

.159914 

10 

.133474 


10 

42 

51 

25-60/84 

11 

.133474 

11 

.159914 


11 

47 

8 

34-24/84 

12 

.109084 

12 

.188255 


12 

51 

25 

42-72/84 

13 

.086881 

13 

.218340 


13 

55 

42 

51-36/84 

14 

.066987 

14 

.250000 


14 

60 

00 

00000000 

15 

.049516 

15 

.283058 


15 

64 

17 

8-48/84 

16 

.034563 

16 

.317329 


16 

68 

34 

17-12/84 

17 

.022214 

17 

.352622 


17 

72 

51 

25-60/84 
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COORDINATE FACTORS AND ANGLES —84 HOLE DIVISION 



FACTOR 

FOR “A" 

FACTOR 

FOR “B” 

t 


A HOLE OF 

HOLE 


DEO. 

MIN. 

SEC. 

18 

.012536 

18 

.388740 

18 

77 

8 

34-24/84 

19 

.005585 

19 

.425479 

19 

81 

25 

42-72/84 

20 

.001398 

20 

.462635 

20 

85 

42 

51-36/84 

21 

.000000 

21 

.500000 

21 

90 

00 

oooooooo 

22 

.001398 

22 

.537365 

22 

94 

17 

8-48/84 

23 

.005584 

23 

.574521 

23 

98 

34 

17-12/84 

24 

.012536 

24 

.611260 

24 

102 

51 

25-60/84 

25 

.022214 

25 

.647378 

25 

107 

8 

34-24/84 

26 

.034563 

26 

.682671 

26 

111 

25 

42-72/84 

27 

.049516 

27 

.716942 

27 

115 

42 

51-36/84 

28 

066987 

28 

.750000 

28 

120 

00 

oooooooo 

29 

.086881 

29 

.781660 

29 

124 

17 

8-48/84 

30 

.109084 

30 

.811745 

30 

128 

34 

17-12/84 

31 

.133474 

31 

.840086 

31 

132 

51 

25-60/84 

32 

.159914 

32 

.866526 

32 

137 

8 

34-24/84 

33 

.188255 

33 

.890916 

33 

141 

25 

42-72/84 

34 

.218340 

34 

.913119 

34 

145 

42 

51-36/84 

35 

.250000 

35 

.933013 

35 

150 

00 

oooooooo 

36 

.283058 

36 

.950484 

36 

154 

17 

8-48/84 

37 

.317329 

37 

.965437 

37 

158 

34 

17-12/84 

38 

.352622 

38 

.977786 

38 

162 

51 

25-60/84 

39 

.388740 

39 

.987464 

39 

167 

8 

34-24/84 

40 

.425479 

40 

.994415 

40 

171 

25 

42-72/84 

41 

.462635 

41 

.998602 

41 

175 

42 

51-36/84 

42 

.500000 

42 1 

1 .000000 

42 

180 

00 

oooooooo 

43 

.537365 

43 

.998602 

43 

184 

17 

8-48/84 

44 

.574521 

44 

.994415 

44 

188 

34 

17-12/84 

45 

.611260 

45 

.987464 

45 

192 

51 

25-60/84 

46 

.647378 

46 

.977786 

46 

197 

8 

34-24/84 

47 

.682671 

47 

.965437 

47 

201 

25 

42-72/84 

48 

.716942 

48 

.950484 

48 

205 

42 

51-36/84 

49 

.750000 

49 

.933013 

49 

210 

00 

oooooooo 

50 

.781660 

50 

.913119 

50 

214 

17 

8-48/84 

51 

.811745 

51 

.890916 

51 

218 

34 

17-12/84 

52 

.840086 

52 

866526 

52 

222 

51 

25-60/84 

53 

.866526 

53 

.840086 

53 

227 

8 

34-24/84 

54 

890916 

54 

.811745 

54 

231 

25 

42-72/84 

55 

.913119 

55 

.781660 

55 

235 

42 

51-36/84 

56 

.933013 

56 

.750000 

56 

240 

00 

oooooooo 

57 

.950484 

57 

.716942 

57 

244 

17 

8-48/84 

58 

.965437 

58 

.682671 

58 

248 

34 

17-12/84 

59 

.977786 

59 

.647378 

59 

252 

51 

25-60/84 

60 

.987464 

60 

.611260 

60 

257 

8 

34-24/84 

61 

.994415 

61 

.574521 

61 

261 

25 

42-72/84 

62 

.998602 

62 

.537365 

62 

265 

42 

51-36/84 

63 

1.000000 

63 

.500000 

63 

270 

00 

oooooooo 

64 

.998602 

64 

.462635 

64 

274 

17 

8-48/84 

65 

.994415 

65 

.425479 

65 

278 

34 

17-12/84 

66 

.987464 

66 

.388740 

66 

282 

51 

25-60/84 

67 

.977786 

67 

.352622 

67 

287 

8 

34-24/84 

68 

.965437 

68 

.317329 

68 

291 

25 

42-72/84 

69 

.950484 

69 

.283058 

69 

295 

42 

51-36/84 

70 

933013 

7o 

.250000 

70 

300 

00 

OOOOOOOO 

71 

.913119 

71 

.218340 

71 

304 

17 

8-48/84 

72 

890916 

72 

.188255 

72 

308 

34 

17-12/84 

73 

866526 

73 

.159914 

73 

312 

51 

25-60/84 

74 

.840086 

74 

.133474 

74 

317 

8 

34-24/84 

75 

.811745 

75 

.109084 

75 

321 

25 

42-72/84 

76 

.781660 

76 

.086881 

76 

325 

42 

51-36/84 

77 

750000 

77 

.066987 

77 

330 

00 

OOOOOOOO 

78 

716942 

78 

.049516 

78 

334 

17 

8-48/84 

79 

.682671 

79 

.034563 

79 

338 

34 

17-12/84 

80 

647378 

80 

.022214 

80 

342 

51 

25-60/84 

81 

.611260 

81 

.012536 

81 

347 

8 

34-24/84 

82 

.574521 

82 

.005585 

82 

351 

25 

42-72/84 

83 

537365 

83 

.001398 

83 

355 

42 

51-36/84 

84 

500000 

84 

.000000 

84 

360 

0 

0 
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85 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 



FACTOR FACTOR ANOU OF HOU 



FOR "A” 


FOR M B" 

♦ 


DEG. 

MIN. 

SEC 

1 

.463074 


l 

.001365 

1 

4 

14 

7- 5/85 

2 

.426349 


2 

.005454 

2 

8 

28 

14-10/85 

3 

.390027 


3 

.012244 

3 

12 

42 

21-15 85 

4 

.354305 


4 

.021697 

4 

16 

56 

28-20/85 

5 

.319379 


5 

.033764 

5 

21 

10 

35-25/85 

6 

.285440 


6 

.048376 

6 

25 

24 

42-30/85 

7 

.252672 


7 

.065456 

7 

29 

38 

49-35 85 

8 

221255 


8 

.084908 

8 

33 

52 

56-40/85 

9 

.191361 


9 

.106628 

9 

38 

7 

3-45 85 

10 

.163152 


10 

.130496 

10 

42 

21 

10-50/85 

11 

.136783 


11 

.156382 

11 

46 

35 

17-55/85 

12 

.112398 


12 

.184145 

12 

50 

49 

24-60 85 

13 

090130 


13 

.213632 

13 

55 

3 

31-65 85 

14 

.070100 


14 

.244684 

14 

59 

17 

38-70 85 

15 

.052418 


15 

.277131 

15 

63 

31 

45-75 85 

16 

.037181 


16 

.310794 

16 

67 

45 

52-80/85 

17 

.024472 


17 

.345492 

17 

72 

00 

OOOOOOOO 
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COORDINATE FACTORS AND ANGLES —85 HOLE DIVISION 



^ FACTOR 

FOR “A” 

FACTOR 

FOR -r* 

» 

- 

ANGLE OF 

DEG. MIN. 

HOLE 

SEC. 

18 

.014359 

18 

.381032 

18 

76 

14 

7- 5/85 

19 

.006900 

19 

.417223 

19 

80 

28 

14-10/85 

20 

002133 

20 

.453866 

20 

84 

42 

21-15/85 

21 

.000085 

21 

.490760 

21 

88 

56 

28-20/85 

22 

.000768 

22 

.527705 

22 

93 

10 

35-25/85 

23 

.004178 

23 

.564500 

23 

97 

24 

42-30/85 

24 

.010295 

24 

.600941 

24 

101 

38 

49-35/85 

25 

019087 

25 

.636832 

25 

105 

52 

56-40/85 

26 

.030506 

26 

.671974 

26 

110 

7 

3-45/85 

27 

044489 

27 

706178 

27 

114 

21 

10-50/85 

28 

.060959 

28 

.739256 

28 

118 

35 

17-55/85 

29 

.079828 

29 

.771027 

29 

122 

49 

24-60/85 

30 

.100991 

30 

.801317 

30 

127 

3 

31-65/85 

31 

.124334 

31 

.829962 

31 

131 

17 

38-70/85 

32 

.149728 

32 

.856805 

32 

135 

31 

45-75/85 

33 

.177036 

33 

.881699 

33 

139 

45 

52-80/85 

34 

.206107 

34 

904508 

34 

144 

00 

00000000 

35 

236784 

35 

.925109 

35 

148 

14 

7- 5/85 

36 

.268898 

36 

.943387 

36 

152 

28 

14-10/85 

37 

.302274 

37 

.959243 

37 

156 

42 

21-15/85 

38 

336731 

38 

.972592 

38 

160 

56 

28-20/85 

39 

.372079 

39 

.983359 

39 

165 

10 

35-25/85 

40 

.408125 

40 

.991487 

40 

169 

24 

42-30/85 

41 

.444672 

41 

.996930 

41 

173 

38 

49-35/85 

42 

.481524 

42 

.999659 

42 

177 

52 

56-40/85 

43 

.518476 

43 

.999659 

43 

182 

7 

3-45/85 

44 

.555328 

44 

.996930 

44 

186 

21 

10-50/85 

45 

.591875 

45 

.991487 

45 

190 

35 

17-55/85 

46 

.627921 

46 

.983359 

46 

194 

49 

24-60/85 

47 

.663269 

47 

.972592 

47 

199 

3 

31-65/85 

48 

.697726 

48 

959243 

48 

203 

17 

38-70/85 

49 

.731102 

49 

.943387 

49 

207 

31 

45-75/85 

50 

.763216 

50 

.925109 

50 

211 

45 

52-80/85 

51 

.793893 

51 

.904508 

51 

216 

00 
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21 

.001274 

21 

.464330 

21 

85 

54 

32-64/88 

22 

.000000 

22 

.500000 

22 

90 

00 

00000000 

23 

.001274 

23 

535670 

23 

94 

5 

27-24/88 

24 

.005089 

24 

.571157 

24 

98 

10 

54-48/88 

25 

011427 

25 

.606283 

25 

102 

16 

21-72/88 



26 

.020254 

26 

640866 

26 

106 

21 

49- 8/88 

27 

.031525 

27 

.674732 

27 

110 

27 

16-32/88 

28 

.045184 

28 

.707708 

28 

114 

32 

43-56/88 

29 

.061161 

29 

.739624 

29 

118 

38 

10-80/88 

30 

.079373 

30 

.770320 

30 

122 

43 

38-16/88 

31 

.099729 

31 

.799639 

31 

126 

49 

5-40/88 

32 

.122125 

32 

.827430 

32 

130 

54 

32-64/88 

33 

.146447 

33 

.853553 

33 

135 

00 

00000000 

34 

.172570 

34 

.877875 

34 

139 

5 

27-24/88 

35 

.200361 

35 

.900271 

35 

143 

10 

54-48/88 

36 

.229680 

36 

.920627 

36 

147 

16 

21-72/88 

37 

.260376 

37 

.938839 

37 

151 

21 

49- 8/88 

38 

292293 

38 

.954816 

38 

155 

27 

16-32/88 

39 

.325268 

39 

968475 

39 

159 

32 

43-56/88 

40 

.359134 

40 

979746 

40 

163 

38 

10-80/88 

41 

.393717 

41 

.988573 

41 

167 

43 

38-16/88 

42 

.428843 

42 

.994911 

42 

171 

49 

5-40/88 

43 

.464330 

43 

.998726 

43 

175 

54 

32-64/88 

44 

.500000 

44 

1.000000 

44 

180 

00 

00000000 

45 

.535670 

45 

.998726 

45 

184 

5 

27-24/88 

46 

.571157 

46 

.994911 

46 

188 

10 

54-48/88 

47 

.606283 

47 

988573 

47 

192 

16 

21-72/88 

48 

.640866 

48 

.979746 

48 

196 

21 

49- 8/88 

49 

674732 

49 

.968475 

49 

200 

27 

16-32/88 

50 

.707708 

50 

954816 

50 

204 

32 

43-56/88 

51 

.739624 

51 

938839 

51 

208 

38 

10-80/88 

52 

.770320 

52 

920627 

52 

212 

43 

38-16/88 

53 

.799639 

53 

900271 

53 

216 

49 

5-40/88 

54 

.827430 

54 

877875 

54 

220 

54 

32-64/88 

55 

853553 

55 

.853553 

55 

225 

00 

00000000 

56 

.877875 

56 

.827430 

56 

229 

5 

27-24/88 

57 

.900271 

57 

.799639 

57 

233 

10 

54-48/88 

58 

.920627 

58 

.770320 

58 

237 

16 

21-72/88 

59 

.938839 

59 

.739624 

59 

241 

21 

49- 8/88 

60 

.954816 

60 

707708 

60 

245 

27 

16-32/88 

61 

.968475 

61 

674732 

61 

249 

32 

43-56/88 

62 

979746 

62 

640866 

62 

253 

38 

10-80/88 

63 

.988573 

63 

.606283 

63 

257 

43 

38-16/88 

64 

.994911 

64 

.571157 

64 

261 

49 

5-40/88 

65 

998726 

65 

535670 

65 

265 

54 

32-64/88 

66 

1 .000000 

66 

.500000 

66 

270 

00 

00000000 

67 

.998726 

67 

.464330 

67 

274 

5 

27-24/88 

68 

.994911 

68 

428843 

68 

278 

10 

54-48/88 

69 

988573 

69 

.393717 

69 

282 

16 

21-72/88 

70 

979746 

70 

.359134 

70 

286 

21 

49- 8/88 

71 

.968475 

71 

325268 

71 

290 

27 

16-32/88 

72 

954816 

72 

292293 

72 

294 

32 

43-56/88 

73 

938839 

73 

260376 

73 

298 

38 

10-80/88 

74 

.920627 

74 

.229680 

74 

302 

43 

38-16/88 

75 

900271 

75 

.200361 

75 

306 

49 

5-40/88 

76 

.877875 

76 

172570 

76 

310 

54 

32-64/88 

77 

853553 

77 

.146447 

77 

315 

00 

00000000 

78 

.827430 

78 

122125 

78 

319 

5 

27-24/88 

79 

.799639 

79 

099729 

79 

323 

10 

54-48/88 

80 

.770320 

80 

079373 

80 

327 

16 

21-72/88 

81 

.739624 

81 

061161 

81 

331 

21 

49- 8/88 

82 

.707708 

82 

.045184 

82 

335 

27 

16-32/88 

83 

674732 

83 

031525 

83 

339 

32 

43-56/88 

84 

. 640866 

84 

.020254 

84 

343 

38 

10-80/88 

85 

606283 

85 

011427 

85 

.347 

43 

38-16/88 

86 

.571157 

86 

005089 

86 

351 

49 

5-40/88 

87 

535670 

87 

.001274 

87 

355 

54 

32-64/88 

88 

500000 

88 

.000000 

88 

360 

0 

0 
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FACTOR 

FOR “A” 

FACTOR 

FOR “B" 



ANOLi OF 

HOLE 

DEO. 

MIN. 

SEC. 

t 

.464731 

1 

.001245 

1 

4 

2 

41-71/89 

2 

.429637 

2 

.004976 

2 

8 

5 

23-53/89 

3 

. 394894 

3 

.011172 

3 

12 

8 

5-35/89 

4 

.360674 

4 

.019804 

4 

16 

10 

47-17/89 

5 

.327148 

5 

030828 

5 

20 

13 

28-88/89 

6 

.294484 

6 

.044190 

6 

24 

16 

10-70/89 

7 

.262844 

7 

059822 

7 

28 

18 

52-52/89 

8 

232385 

8 

077647 

8 

32 

21 

34-34/89 

9 

203259 

9 

097576 

9 

36 

24 

16-16/89 

10 

.175612 

10 

119511 

10 

40 

26 

57-87/89 

11 

149580 

It 

143340 

1 1 

44 

29 

39-69/89 

12 

.125295 

12 

.168947 

12 

48 

32 

21-51/89 

13 

. 102876 

13 

196203 

13 

52 

35 

3-33/89 

14 

082436 

14 

224972 

14 

56 

37 

45-15/89 

IS 

.064076 

15 

2551 12 

15 

60 

40 

26-86/89 

16 

047888 

16 

286472 

16 

64 

43 ~~ 

8-68/89 

17 

033952 

17 

318896 

17 

68 

45 

50-50 89 

18 

022338 

18 

352221 

18 

72 

48 

32-32/89 
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FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR “A" 

FOR “B” 

4 


DEG. 

MIN. 

SEC. 

19 

.013103 

19 

.386283 

19 

76 

51 

14-14/89 

20 

.006295 

20 

.420911 

20 

80 

53 

55-85/89 

21 

.001946 

21 

.455934 

21 

84 

56 

37-67/89 

22 

.000078 

22 

.491176 

22 

88 

59 

19-49/89 

23 

.000701 

23 

526462 

23 

93 

2 

1-31/89 

24 

.003811 

24 

.561616 

24 

97 

4 

43-13/89 

25 

.009393 

25 

.596463 

25 

101 

7 

24-84/89 

26 

.017420 

26 

.630830 

26 

105 

10 

6-66/89 

27 

.027851 

27 

.664544 

27 

109 

12 

48—48/89 

28 

.040633 

28 

.697439 

28 

113 

15 

30-30/89 

29 

.055705 

29 

.729351 

29 

117 

18 

12-12/89 

30 

.072990 

30 

.760120 

30 

121 

20 

53-83/89 

31 

.092402 

31 

.789593 

31 

125 

23 

35-65/89 

32 

.113845 

32 

.817623 

32 

129 

26 

17-47/89 

33 

.137212 

33 

.844071 

33 

133 

28 

59-29/89 

34 

.162386 

34 

.868804 

34 

137 

31 

41-11/89 

35 

.189243 

35 

891701 

35 

141 

34 

22-82/89 

36 

.217646 

36 

.912645 

36 

145 

37 

4-64/89 

37 

.247457 

37 

.931534 

37 

149 

39 

46-46/89 

38 

.278526 

38 

.948274 

38 

153 

42 

28-28/89 

39 

.310698 

39 

.962780 

39 

157 

45 

10-10/89 

40 

.343814 

40 

.974980 

40 

161 

47 

51-81/89 

41 

.377708 

41 

.984814 

41 

165 

50 

33-63/89 

42 

.412210 

42 

.992233 

42 

169 

53 

15-45/89 

43 

.447151 

43 

.997199 

43 

173 

55 

57-27/89 

44 

.482354 

44 

.999689 

44 

177 

58 

39- 9/89 

45 

.517646 

45 

.999689 

45 

182 

1 

20-80/89 

46 

.552849 

46 

.997199 

46 

186 

4 

2-62/89 

47 

.587790 

47 

.992233 

47 

190 

6 

44—44/89 

48 

.622292 

48 

.984814 

48 

194 

9 

26-26/89 

49 

.656186 

49 

.974980 

49 

198 

12 

8 - 8/89 

50 

.689302 

50 

.962780 

50 

202 

14 

49-79/89 

51 

.721474 

51 

.948274 

51 

206 

17 

31-61/89 

52 

.752543 

52 

.931534 

52 

210 

20 

13-43/89 

53 

.782354 

53 

.912645 

53 

214 

22 

55-25/89 

54 

.810757 

54 

.891701 

54 

218 

25 

37- 7/89 

55 

.837614 

55 

.868804 

55 

222 

28 

18-78/89 

56 

.862788 

56 

.844071 

56 

226 

31 

00-60/89 

57 

.886155 

57 

.817623 

57 

230 

33 

42-42/89 

58 

.907598 

58 

.789593 

58 

234 

36 

24-24/89 

59 

.927010 

59 

.760120 

59 

238 

39 

6 - 6/89 

60 

.944295 

60 

.729351 

60 

242 

41 

47-77/89 

61 

.959367 

61 

.697439 

61 

246 

44 

29-59/89 

62 

.972149 

62 

.664544 

62 

250 

47 

11-41/89 

63 

.982580 

63 

.630830 

63 

254 

49 

53-23/89 

64 

.990607 

64 

.596463 

64 

258 

52 

35- 5/89 

65 

.996189 

65 

.561616 

65 

262 

55 

16-76/89 

66 

.999299 

66 

.526462 

66 

266 

57 

58-58/89 

67 

.999922 

67 

.491176 

67 

271 

00 

40-40/89 

68 

.998054 

68 

.455934 

68 

275 

3 

22-22/89 

69 

.993705 

69 

.420911 

69 

279 

6 

4- 4/89 

70 

.986897 

70 

.386283 

70 

283 

8 

45-75/89 

71 

.977662 

71 

.352221 

71 

287 

11 

27-57/89 

72 

.966048 

72 

.318896 

72 

291 

14 

9-39/89 

73 

.952112 

73 

.286472 

73 

295 

16 

51-21/89 

74 

.935924 

74 

.255112 

74 

299 

19 

33- 3/89 

75 

.917564 

75 

.224972 

75 

303 

22 

14-74/89 

76 

.897124 

76 

.196203 

76 

307 

24 

56-56/89 

77 

.874705 

77 

.168947 

77 

311 

27 

38-38/89 

78 

.850420 

78 

.143340 

78 

315 

30 

20-20/89 

79 

.824388 

79 

.119511 

79 

319 

33 

2- 2/89 

80 

.796741 

80 

.097576 

80 

323 

35 

43-73/89 

81 

.767615 

81 

.077647 

81 

327 

38 

25-55/89 

82 

.737156 

82 

.059822 

82 

331 

41 

7-37/89 

83 

.705516 

83 

.044190 

83 

335 

43 

49-19/89 

84 

.672852 

84 

.030828 

84 

339 

46 

31- 1/89 

85 

.639326 

85 

.019804 

85 

343 

49 

12-72/89 

86 

.605106 

86 

.011172 

86 

347 

51 

54-54/89 

87 

.570363 

87 

.004976 

87 

351 

54 

36-36/89 

88 

.535269 

88 

.001245 

88 

355 

57 

18-18/89 

89 

.500000 

89 

.000000 

89 

360 

0 

0 
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FACTO* FACTO* ANOiE OF HOLE 



FOR “A" 

FOR M B" 

4 


DEO. 

MIN. 

SEC. 

1 

.465122 

1 

.001218 

1 

4 

0 

0 

2 

.430413 

2 

.004866 

2 

8 

0 

0 

3 

.396044 

3 

.010926 

3 

12 

0 

0 

4 

.362181 

4 

.019369 

4 

16 

0 

0 

5 

.328990 

5 

.030154 

5 

20 

0 

0 

6 

.296632 

6 

.043227 

6 

24 

0 

0 

7 

.265264 

7 

.058526 

7 

28 

0 

0 

8 

.235040 

8 

.075976 

8 

32 

0 

0 

9 

206107 

9 

.095492 

9 

36 

0 

0 

10 

.178606 

10 

.116978 

10 

40 

0 

0 

1 1 

.152671 

11 

140330 

11 

44 

0 

0 

12 

.128428 

12 

.165435 

12 

48 

0 

0 

13 

.105995 

13 

192169 

13 

52 

0 

0 

14 

085481 

14 

.220404 

14 

56 

0 

0 

IS 

066987 

15 

250000 

15 

60 

0 

0 

16 

.050603 

16 

.280814 

16 

64 

0 

0 

17 

036408 

17 

.312697 

17 

68 

0 

0 

18 

024472 

18 

345492 

18 

72 

0 

0 


392 
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FACTOR FACTOR ANOIE OF HOIE 

FOR “A” FOR "B” f DEO. MIN. SEC. 


19 

.014852 

19 

.379039 


19 

76 

0 

0 

20 

.007596 

20 

.413176 


20 

80 

0 

0 

21 

.002739 

21 

.447736 


21 

84 

0 

0 

22 

.000305 

22 

.482550 


22 

88 

0 

0 

23 

.000305 

23 

.517450 


23 

92 

0 

0 

24 

.002739 

24 

.552264 


24 

96 

0 

0 

25 

.007596 

25 

.586824 


25 

100 

0 

0 

26 

.014852 

26 

.620961 


26 

104 

0 

0 

27 

.024472 

27 

.654508 


27 

108 

0 

0 

28 

.036408 

28 

.687303 


28 

112 

0 

0 

29 

.050603 

29 

.719186 


29 

116 

0 

0 

30 

.066987 

30 

.750000 


30 

120 

0 

0 

31 

.085481 

31 

.779596 


31 

124 

0 

0 

32 

.105995 

32 

.807831 


32 

128 

0 

0 

33 

.128428 

33 

.834565 


33 

132 

0 

0 

34 

.152671 

34 

.859670 


34 

136 

0 

0 

35 

.178606 

35 

.883022 


35 

140 

0 

0 

36 

.206107 

36 

.904508 


36 

144 

0 

0 

37 

.235040 

37 

.924024 


37 

148 

0 

0 

38 

.265264 

38 

.941474 


38 

152 

0 

0 

39 

.296632 

39 

.956773 


39 

156 

0 

0 

40 

. 328990 

40 

.969846 


40 

160 

0 

0 

41 

.362181 

41 

.980631 


41 

164 

0 

0 

42 

.396044 

42 

.989074 


42 

168 

0 

0 

43 

.430413 

43 

.995134 


43 

172 

0 

0 

44 

.465122 

44 

.998782 


44 

176 

0 

0 

45 

.500000 

45 

1.000000 


45 

180 

0 

0 

46 

.534878 

46 

.998782 


46 

184 

0 

0 

47 

.569587 

47 

.995134 


47 

188 

0 

0 

48 

.603956 

48 

.989074 


48 

192 

0 

0 

49 

.637819 

49 

.980631 


49 

196 

0 

0 

50 

.671010 

50 

.969846 


50 

200 

0 

0 

51 

.703368 

51 

.956773 


51 

204 

0 

0 

52 

.734736 

52 

.941474 


52 

208 

0 

0 

53 

.764960 

53 

.924024 


53 

212 

0 

0 

54 

.793893 

54 

.904508 


54 

216 

0 

0 

55 

.821394 

55 

.883022 


55 

220 

0 

0 

56 

.847329 

56 

.859670 


56 

224 

0 

0 

57 

.871572 

57 

.834565 


57 

228 

0 

0 

58 

.894005 

58 

.807831 


58 

232 

0 

0 

59 

.914519 

59 

.779596 


59 

236 

0 

0 

60 

.933013 

60 

.750000 


60 

240 

0 

0 

61 

.949397 

61 

.719186 


61 

244 

0 

0 

62 

.963592 

62 

.687303 


62 

248 

0 

0 

63 

.975528 

63 

.654508 


63 

252 

0 

0 

64 

.985148 

64 

.620961 


64 

256 

0 

0 

65 

.992404 

65 

. 586824 


65 

260 

0 

0 

66 

.997261 

66 

.552264 


66 

264 

0 

0 

67 

.999695 

67 

.517450 


67 

268 

0 

0 

68 

.999695 

68 

.482550 


68 

272 

0 

0 

69 

.997261 

69 

.447736 


69 

276 

0 

0 

70 

.992404 

70 

.413176 


70 

280 

0 

0 

71 

.985148 

71 

.379039 


71 

284 

0 

0 

72 

.975528 

72 

.345492 


72 

288 

0 

0 

73 

.963592 

73 

.312697 


73 

292 

0 

0 

74 

.949397 

74 

.280814 


74 

296 

0 

0 

75 

933013 

75 

.250000 


75 

300 

0 

0 

76 

.914519 

76 

.220404 


76 

304 

0 

0 

77 

.894005 

77 

.192169 


77 

308 

0 

0 

78 

.871572 

78 

.165435 


78 

312 

0 

0 

79 

.847329 

79 

.140330 


79 

316 

0 

0 

80 

.821394 

80 

.116978 


80 

320 

0 

0 

81 

.793893 

81 

.095492 


81 

324 

0 

0 

82 

.764960 

82 

.075976 


82 

328 

0 

0 

83 

.734736 

83 

.058526 


83 

332 

0 

0 

84 

.703368 

84 

.043227 


84 

336 

0 

0 

85 

.671010 

85 

.030154 


85 

340 

0 

0 

86 

.637819 

86 

.019369 


86 

344 

0 

0 

87 

.603956 

87 

.010926 


87 

348 

0 

0 

88 

.569587 

88 

.004866 


88 

352 

0 

0 

89 

.534878 

89 

.001218 


89 

356 

0 

0 

90 

.500000 

90 

.000000 


90 

360 

0 

0 
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Original from 
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91 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 




FACTOR 

FOR “A” 

FACTOR 

FOR “B” 



ANGLE OF 

DEG. MIN. 

HOLE 

SEC. 

1 

.465504 

l 

.001192 

1 

3 

57 

21-69/91 

2 

.431173 

2 

.004759 

2 

7 

54 

43-47/91 

3 

.397171 

3 

.010688 

3 

11 

52 

5-25/91 

4 

.363657 

4 

.018948 

4 

15 

49 

27- 3/91 

5 

.330793 

5 

.029501 

5 

19 

46 

48-72/91 

6 

.298737 

6 

.042296 

6 

23 

44 

10-50/91 

7 

.267638 

7 

.057272 

7 

27 

41 

32-28/91 

8 

.237648 

8 

.074358 

8 

31 

38 

54- 6/91 

9 

.208907 

9 

.093472 

9 

35 

36 

15-75/91 

10 

.181554 

10 

114523 

10 

39 

33 

37-53/91 

11 

.155718 

11 

.137412 

11 

43 

30 

59-31/91 

12 

.131523 

12 

.162028 

12 

47 

28 

21- 9/91 

13 

.109084 

13 

.188255 

13 

51 

25 

42-78/91 

14 

.088508 

14 

.215968 

14 

55 

23 

4-56/91 

15 

.069893 

15 

.245034 

15 

59 

20 

26-34/91 

16 

.053327 

16 

.275315 

16 

63 

17 

48-12 91 

17 

.038890 

17 

.306667 

17 

67 

15 

9-81 91 

18 

026651 

18 

. 338940 

18 

71 

12 

31 -5 ( > 91 
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Digitized by 


Gck igle 


Original from 

UNIVERSITY OF MICHIGAN 



COORDINATE FACTORS AND ANGLES —91 HOLE DIVISION 


FACTOR FACTOR 

FOR "A” FOR “B" I 


ANGIE OF HOIE 
DEG. MIN. SEC. 


19 

.016667 

19 

.371980 

19 

75 

9 

53-37/91 

20 

.008986 

20 

.405631 

20 

79 

7 

15-15/91 

21 

.003646 

21 

.439732 

21 

83 

4 

36-84/91 

22 

.000670 

22 

.474119 

22 

87 

1 

58-62/91 

23 

.000074 

23 

.508630 

23 

90 

59 

20-40/91 

24 

.001861 

24 

.543100 

24 

94 

56 

42-18/91 

25 

.006022 

25 

.577365 

25 

98 

54 

3-87/91 

26 

.012536 

26 

.611260 

26 

102 

51 

25-65/91 

27 

.021374 

27 

.644626 

27 

106 

48 

47-43/91 

28 

.032492 

28 

.677302 

28 

110 

46 

9-21/91 

29 

.045838 

29 

.709134 

29 

114 

43 

30-90/91 

30 

.061349 

30 

.739969 

30 

118 

40 

52-68/91 

31 

.078950 

31 

.769660 

31 

122 

38 

14-46/91 

32 

.098557 

32 

.798066 

32 

126 

35 

36-24/91 

33 

.120077 

33 

.825052 

33 

130 

32 

58- 2/91 

34 

.143408 

34 

.850489 

34 

134 

30 

19-71/91 

35 

.168439 

35 

.874255 

35 

138 

27 

41-49/91 

36 

.195049 

36 

.896238 

36 

142 

25 

3-27/91 

37 

.223113 

37 

.916333 

37 

146 

22 

25- 5/91 

38 

.252496 

38 

.934444 

38 

150 

19 

46-74/91 

39 

.283058 

39 

.950484 

39 

154 

17 

8-52/91 

40 

.314655 

40 

.964378 

40 

158 

14 

30-30/91 

41 

.347134 

41 

.976059 

41 

162 

11 

52- 8/91 

42 

.380342 

42 

.985471 

42 

166 

9 

13-77/91 

43 

.414120 

43 

.992569 

43 

170 

6 

35-55/91 

44 

.448308 

44 

.997321 

44 

174 

3 

57-33/91 

45 

.482742 

45 

.999702 

45 

178 

1 

19-11/91 

46 

.517258 

46 

.999702 

46 

181 

58 

40-80/91 

47 

.551692 

47 

.997321 

47 

185 

56 

2-58/91 

48 

.585880 

48 

.992569 

48 

189 

53 

24-36/91 

49 

.619658 

49 

.985471 

49 

193 

50 

46-14/91 

50 

.652866 

50 

.976059 

50 

197 

48 

7-83/91 

51 

.685346 

51 

.964378 

51 

201 

45 

29-61/91 

52 

.716942 

52 

.950484 

52 

205 

42 

51-39/91 

53 

.747504 

53 

.934444 

53 

209 

40 

13-17/91 

54 

.776887 

54 

.916333 

54 

213 

37 

34-86/91 

55 

.804951 

55 

.896238 

55 

217 

34 

56-64/91 

56 

.831561 

56 

.874255 

56 

221 

32 

18-42/91 

57 

.856592 

57 

.850489 

57 

225 

29 

40-20/91 

58 

.879923 

58 

.825052 

58 

229 

27 

1-89/91 

59 

.901443 

59 

.798066 

59 

233 

24 

23-67/91 

60 

.921050 

60 

.769660 

60 

237 

21 

45-45/91 

61 

.938651 

61 

.739969 

61 

241 

19 

7-23/91 

62 

.954162 

62 

.709134 

62 

245 

16 

29- 1/91 

63 

.967508 

63 

.677302 

63 

249 

13 

50-70/91 

64 

.978626 

64 

.644626 

64 

253 

11 

12-48/91 

65 

.987464 

65 

.611260 

65 

257 

8 

34-26/91 

66 

.993978 

66 

.577365 

66 

261 

5 

56- 4/91 

67 

.998139 

67 

.543100 

67 

265 

3 

17-73/91 

68 

.999926 

68 

.508630 

68 

269 

00 

39-51/91 

69 

.999330 

69 

.474119 

69 

272 

58 

1-29/91 

70 

.996354 

70 

.439732 

70 

276 

55 

23- 7/91 

71 

.991014 

71 

.405631 

71 

280 

52 

44-76/91 

72 

.983333 

72 

.371980 

72 

284 

50 

6-54/91 

73 

.973349 

73 

.338940 

73 

288 

47 

28-32/91 

74 

.961110 

74 

.306667 

74 

292 

44 

50-10/91 

75 

.946673 

75 

.275315 

75 

296 

42 

11-79/91 

76 

.930107 

76 

.245034 

76 

300 

39 

33-57/91 

77 

.911492 

77 

.215968 

77 

304 

36 

55-35/91 

78 

.890916 

78 

.188255 

78 

308 

34 

17-13/91 

79 

.868477 

79 

.162028 

79 

312 

31 

38-82/91 

80 

.844282 

80 

.137412 

80 

316 

29 

00-60/91 

81 

.818446 

81 

.114523 

81 

320 

26 

22-38/91 

82 

.791093 

82 

.093472 

82 

324 

23 

44-16/91 

83 

.762352 

83 

.074358 

83 

328 

21 

5-85/91 

84 

.732362 

84 

.057272 

84 

332 

18 

27-63/91 

85 

.701263 

85 

.042296 

85 

336 

15 

49-41/91 

86 

.669207 

86 

.029501 

86 

340 

13 

11-19/91 

87 

.636343 

87 

.018948 

87 

344 

10 

32-88/91 

88 

.602829 

88 

.010688 

88 

348 

7 

54-66/91 

89 

.568827 

89 

.004759 

89 

352 

5 

16—44/91 

90 

.534496 

90 

.001192 

90 

356 

2 

38-22/91 

91 

.500000 

91 

.000000 

91 

360 

0 

0 
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92 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 




FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR “A” 

FOR “B" 

♦ 


DEG. 

MIN. 

SEC. 

1 

.465879 

1 

.001166 

1 

3 

54 

46-88/92 

2 

.431917 

2 

.004657 

2 

7 

49 

33-84/92 

3 

.398272 

3 

.010458 

3 

11 

44 

20-80/92 

4 

.365102 

4 

.018541 

4 

15 

39 

7-76/92 

5 

.332560 

5 

.028870 

5 

19 

33 

54-72/92 

6 

. 300803 

6 

.041394 

6 

23 

28 

41-68/92 

7 

.269967 

7 

.056057 

7 

27 

23 

28-64/92 

8 

.240208 

8 

.072790 

8 

31 

18 

15-60/92 

9 

.211660 

9 

.091515 

9 

35 

13 

2-56/92 

10 

.184456 

10 

.112144 

10 

39 

7 

49-52/92 

11 

. 158723 

11 

.134582 

11 

43 

2 

36-48/92 

12 

.134582 

12 

.158723 

12 

46 

57 

23-44/92 

13 

.112144 

13 

.184456 

13 

50 

52 

10-40/92 

14 

.091515 

14 

.211660 

14 

54 

46 

57-36/92 

13 

.072790 

15 

.240208 

15 

58 

41 

44-32/92 

16 

7)56057 

16 

.269967 

16 

62 

36 

31-28/92 

17 

.041394 

17 

.300803 

17 

66 

31 

18-24/92 

18 

.028870 

18 

.332560 

18 

70 

26 

5-20/92 

19 

.018541 

19 

.365102 

19 

74 

20 

52-16/92 


►% 


Digitized by 


Go i igle 


Original from 

UNIVERSITY OF MICHIGAN 





COORDINATE FACTORS AND ANGLES —92 HOLE DIVISION 



FACTOR 

FACTOR 



ANGLE OF 

HOLE 

FOR “A” 

FOR “B" 



DEG. 

MIN. 

SEC. 

20 

.010458 

20 

.398272 

20 

78 

15 

39-12 92 

21 

.004657 

21 

.431917 

21 

82 

10 

26 - 8/92 

22 

.001166 

22 

.465879 

22 

86 

5 

13 - 4/92 

23 

.000000 

23 

.500000 

23 

90 

00 

00000000 

24 

.001166 

24 

.534121 

24 

93 

54 

46 - 88/92 

25 

.004657 

25 

. 568083 

25 

97 

49 

33 - 84/92 

26 

.010458 

26 

.601728 

26 

101 

44 

20-80 92 

27 

.018541 

27 

.634898 

27 

105 

39 

7 - 76/92 

28 

.028870 

28 

.667440 

28 

109 

33 

54 - 72/92 

29 

.041394 

29 

.699197 

29 

113 

28 

41 - 68/92 

30 

056057 

30 

.730033 

30 

117 

23 

28 - 64/92 

31 

.072790 

31 

.759792 

31 

121 

18 

15 - 60/92 

32 

.091515 

32 

.788340 

32 

125 

13 

2 - 56/92 

33 

.112144 

33 

.815544 

33 

129 

7 

49 - 52/92 

34 

134582 

34 

.841277 

34 

133 

2 

36 - 48/92 

35 

.158723 

35 

.865418 

35 

136 

57 

23-44 92 

36 

.184456 

36 

.887856 

36 

140 

52 

10-40 92 

37 

.211660 

37 

.908485 

37 

144 

46 

57 - 36/92 

38 

.240208 

38 

.927210 

38 

148 

41 

44 - 32/92 

39 

.269967 

39 

.943943 

39 

152 

36 

31 - 28/92 

40 

.300803 

40 

.958606 

40 

156 

31 

18 - 24/92 

41 

.332560 

41 

.971130 

41 

160 

26 

5 - 20/92 

42 

.365102 

42 

.981459 

42 

164 

20 

52 - 16/92 

43 

. 398272 

43 

.989542 

43 

168 

15 

39 - 12/92 

44 

.431917 

44 

.995343 

44 

172 

10 

26 - 8/92 

45 

.465879 

45 

.998834 

45 

176 

5 

13 - 4/92 

46 

.500000 

46 

.000000 

46 

180 

00 

00000000 

47 

.534121 

47 

.998834 

47 

183 

54 

46 - 88/92 

48 

.568083 

48 

.995343 

48 

187 

49 

33 - 84/92 

49 

.601728 

49 

.989542 

49 

191 

44 

20 - 80/92 

50 

634898 

50 

.981459 

50 

195 

39 

7 - 76/92 

51 

. 667440 

51 

.971130 

51 

199 

.33 

54 - 72-92 

52 

.699197 

52 

.958606 

52 

203 

28 

41 - 68'92 

53 

.730033 

53 

.943943 

53 

207 

23 

28 - 64/92 

54 

.759792 

54 

.927210 

54 

211 

18 

15 - 60/92 

55 

.788340 

55 

.908485 

55 

215 

13 

2 - 56/92 

56 

.815544 

56 

887856 

56 

219 

7 

49 - 52/92 

57 

.841277 

57 

.865418 

57 

223 

2 

. 36 - 48/92 

58 

.865418 

58 

.841277 

58 

226 

57 

23 - 44/92 

59 

887856 

59 

.815544 

59 

230 

52 

10 - 40-'92 

60 

908485 

(.0 

.788340 

60 

234 

46 

57 36 92 

61 

.927210 

61 

.759792 

61 

238 

41 

44 - 32'92 

62 

.943943 

62 

.730033 

62 

242 

36 

31 - 28-92 

63 

958606 

63 

.699197 

63 

246 

31 

18 - 24/92 

64 

.971130 

64 

.667440 

64 

250 

26 

5 - 20/92 

65 

981459 

65 

.634898 

65 

254 

20 

52 - 16/92 

66 

989542 

66 

.601728 

66 

258 

15 

39 - 12/92 

67 

.995343 

67 

.568083 

67 

262 

10 

26 - 8/92 

68 

998834 

68 

534121 

68 

266 

5 

13 - 4/92 

69 

1 000000 

69 

.500000 

69 

270 

00 

( K ) 00 ( K )00 

70 

.998834 

70 

.465879 

70 

273 

54 

46 - 88/92 

71 

.995343 

71 

.431917 

71 

277 

49 

33 - 84/92 

72 

.989542 

72 

. .398272 

72 

281 

44 

20 - 80/92 

73 

.981459 

73 

.365102 

"’3 

285 

39 

7 - 76/92 

74 

.971130 

74 

.332560 

74 

289 

.33 

54 - 72/92 

75 

958606 

75 

300803 

75 

293 

28 

41 - 68/92 

76 

.943943 

76 

.269967 

76 

297 

23 

28 - 64/92 

77 

.927210 

77 

.240208 

77 

301 

18 

15 - 60/92 

78 

.908485 

78 

.211660 

78 

305 

13 

2 - 56/92 

79 

.887856 

79 

.184456 

79 

309 

7 

49 - 52/92 

80 

865418 

80 

.158723 

80 

313 

2 

36 — 48/92 

81 

.841277 

81 

. 134582 

81 

316 

57 

23 - 44/92 

82 

.815544 

82 

. 112144 

82 

320 

52 

10 - 40/92 

83 

.788340 

83 

.091515 

83 

324 

46 

57 - 36/92 

84 

.759792 

84 

.072790 

84 

328 

41 

44 - 32/92 

85 

.730033 

85 

.056057 

85 

332 

36 

. 31 - 28-92 

86 

.699197 

86 

.041394 

86 

.336 

31 

18 - 24/92 

87 

.667440 

87 

.028870 

87 

340 

26 

5 - 20/92 

88 

.634898 

88 

.018541 

88 

344 

20 

52 - 16/92 

89 

601728 

89 

010458 

89 

348 

15 

. 39 - 12/92 

90 

.568083 

80 

004657 

90 

352 

10 

26 - 8/92 

91 

.534121 

91 

.001166 

91 

356 

5 

1 . 3 - 4/92 

92 

.500000 

92 

.000000 

92 

360 

0 

0 
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93 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 




FACTOR 

FOR “A” 

FACTOR 

FOR "B" 

4 



ANGLE OF 

DEG. MIN. 

HOLE 

SEC. 

1 

.466243 

1 

.001141 


1 

3 

52 

15 - 45/93 

2 

.432644 

2 

.004558 


2 

7 

44 

30 - 90/93 

3 

.399331 

3 

.010235 


3 

11 

36 

46 - 42/93 

4 

. 366316 

4 

.018147 


4 

15 

29 

1 - 87/93 

5 

.334291 

3 

.028258 


5 

19 

21 

17 - 39/93 

6 

.302822 

6 

.040521 


6 

23 

13 

32 - 84/93 

7 

.272233 

7 

.054881 


7 

27 

5 

48 - 36/93 

8 

.242722 

8 

.071271 


8 

30 

58 

3-81 /93 

9 

.214366 

9 

.089618 


9 

34 

50 

19 - 33/9 3 

10 

.187313 

10 

.109838 


10 

38 

42 

34 - 78/93 

1 1 

.161686 

1 1 

.131837 


11 

42 

34 

50 - 30/93 

12 

.137604 

12 

.155517 


12 

46 

27 

5 - 75/9 3 

13 

.113174 

13 

.180768 


13 

50 

19 

21 - 27/93 

14 

. 094.301 

14 

.207476 


14 

54 

11 

36 - 72/93 

13 

.073678 

15 

.235518 


15 

58 

3 

52 - 24/93 

16 

.058791 

1 6 

.264767 


16 

61 

56 

7 - 69/93 

17 

.043917 

r 

.293090 


17 

65 

48 

23 - 21/93 

18 

.031124 

IK 

.326347 


18 

69 

40 

38 - 66/93 

19 

.020470 

l 1 ' 

.358397 


19 

73 

32 

54 - 18/93 


3 ( >8 
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Original from 
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COORDINATE FACTORS AND ANGLES —93 HOLE DIVISION 



FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR “A” 

FOR “B” 

4 


DEG. 

MIN. 

SEC. 

20 

.012005 

20 

.391093 

20 

77 

25 

9-63/93 

21 

.005766 

21 

.424286 

21 

81 

17 

25-15/93 

22 

.001782 

22 

.457824 

22 

85 

9 

40-60/93 

23 

.000071 

23 

.491555 

23 

89 

1 

56-12/93 

24 

.000642 

24 

.525325 

24 

92 

54 

11-57/93 

25 

.003491 

25 

.558978 

25 

96 

46 

27- 9/93 

26 

.008605 

26 

.592363 

26 

100 

38 

42-54/93 

27 

.015961 

27 

.625326 

27 

104 

30 

58- 6/93 

28 

.025526 

28 

.657718 

28 

108 

23 

13-51/93 

29 

.037256 

29 

.689389 

29 

112 

15 

29- 3/93 

30 

.051098 

30 

.720197 

30 

116 

7 

44-48/93 

31 

.066987 

31 

.750000 

31 

120 

00 

00000000 

32 

.084853 

32 

.778662 

32 

123 

52 

15-45/93 

33 

.104612 

33 

.806053 

33 

127 

44 

30-90/93 

34 

.126176 

34 

.832047 

34 

131 

36 

46-42/93 

35 

149445 

35 

.856527 

35 

135 

29 

1-87/93 

36 

.174314 

36 

.879379 

36 

139 

21 

17-39/93 

37 

.200669 

37 

.900500 

37 

143 

13 

32-84/93 

38 

.228389 

38 

.919795 

38 

147 

5 

48-36/93 

39 

.257349 

39 

.937173 

39 

150 

58 

3-81/93 

40 

.287416 

40 

.952557 

40 

154 

50 

19-33/93 

41 

.318453 

41 

.965876 

41 

158 

42 

34-78/93 

42 

.350319 

42 

.977070 

42 

162 

34 

50-30/93 

43 

.382867 

43 

.986086 

43 

166 

27 

5-75/93 

44 

.415950 

44 

.992885 

44 

170 

19 

21-27/93 

45 

.449416 

45 

.997435 

45 

174 

11 

36-72/93 

46 

.483113 

46 

.999715 

46 

178 

3 

52-24/93 

47 

.516887 

47 

.999715 

47 

181 

56 

7-69/93 

48 

.550584 

48 

.997435 

48 

185 

48 

23-21/93 

49 

.584050 

49 

.992885 

49 

189 

40 

38-66/93 

50 

.617133 

50 

. 986086 

50 

193 

32 

54-18/93 

51 

.649682 

51 

.977070 

51 

197 

25 

9-63/93 

52 

.681547 

52 

.965876 

52 

201 

17 

25-15/93 

53 

.712584 

53 

.952557 

53 

205 

9 

40-60/93 

54 

74265f 

54 

.937173 

54 

209 

1 

56-12/93 

55 

.771611 

55 

.919795 

55 

212 

54 

11-57/93 

56 

.799331 

56 

.900500 

56 

216 

46 

27- 9/93 

57 

.825686 

57 

.879379 

57 

220 

38 

42-54/93 

58 

.850555 

58 

.856527 

58 

224 

30 

58- 6/93 

59 

.873824 

59 

.832047 

59 

228 

23 

13-51/93 

60 

.895388 

60 

.806053 

60 

232 

15 

29- 3/93 

61 

.915147 

61 

.778662 

61 

236 

7 

44-48/93 

62 

.933013 

62 

.750000 

62 

240 

00 

00000000 

63 

.948902 

63 

.720197 

63 

243 

52 

15-45/93 

64 

.962744 

64 

.689389 

64 

247 

44 

30-90/93 

65 

.974474 

65 

.657718 

65 

251 

36 

46-42/93 

66 

.984039 

66 

.625326 

66 

255 

29 

1-87/93 

67 

.991395 

67 

. 592363 

67 

259 

21 

17-39/93 

68 

.996509 

68 

. 558978 

68 

263 

13 

32-84/93 

69 

.999358 

69 

.525325 

69 

267 

5 

48-36/93 

70 

.999929 

70 

.491555 

70 

270 

58 

3-81/93 

71 

.998218 

71 

.457824 

71 

274 

50 

19-33/93 

72 

.994234 

72 

.424286 

72 

278 

42 

34-78/93 

73 

.987995 

73 

.391093 

73 

282 

34 

50-30/93 

74 

.979530 

74 

.358397 

74 

286 

27 

5-75/93 

75 

. 968876 

75 

.326347 

75 

290 

19 

21-27/93 

76 

.956083 

76 

.295090 

76 

294 

11 

36-72/93 

77 

.941209 

77 

.264767 

77 

298 

3 

52-24/93 

78 

.924322 

78 

.235518 

78 

301 

56 

7-69/93 

79 

.905499 

79 

.207476 

79 

305 

48 

23-21/93 

80 

.884826 

80 

.180768 

80 

309 

40 

38-66/93 

81 

.862396 

81 

.155517 

81 

313 

32 

54-18/93 

82 

.838314 

82 

.131837 

82 

317 

25 

9-<>3/93 

83 

.812687 

83 

.109838 

83 

321 

17 

25-15/93 

84 

.785634 

84 

.089618 

84 

325 

9 

40-60/93 

85 

.757278 

85 

.071271 

85 

329 

1 

56-12/93 

86 

T727747 

86 

.054881 

86 

332 

54 

11-57/93 

87 

.697178 

87 

.040521 

87 

336 

46 

27- 9/93 

88 

.665709 

88 

.028258 

88 

340 

38 

42-54/93 

89 

.633484 

89 

.018147 

89 

344 

30 

58- 6/93 

90 

.600649 

90 

.010235 

90 

348 

23 

13-51/93 

91 

.567356 

91 

.004558 

91 

352 

15 

29-3/93 

92 

.533755 

92 

.001141 

92 

356 

7 

44-48/93 

93 

. 500000 

93 

.000000 

93 

360 

0 

0 
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Gck igle 


Original from 
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94 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 



FACTOR FACTOR _ ANOtE OF HOIE 



FOR “A" 

FOR “B” 

♦ 


DEG. 

MIN. 

SEC. 

1 

.466604 

1 

.001117 

1 

3 

49 

47 - 22/94 

2 

.433357 

2 

.004461 

2 

7 

39 

34—44 94 

3 

.400407 

3 

.010019 

3 

1 1 

29 

21 - 66/94 

4 

.367902 

4 

.017765 

4 

15 

19 

8-88 94 

5 

.335988 

5 

.027665 

5 

19 

8 

56 - 16/94 

6 

.304806 

6 

.039675 

6 

22 

58 

43 - 38/94 

7 

.274495 

7 

.053741 

7 

26 

48 

30 - 60/94 

H 

.245192 

8 

.069799 

8 

30 

38 

17 - 82/94 

9 

.217026 

9 

.087779 

9 

34 

28 

5-10 94 

10 

.190125 

10 

.107600 

10 

38 

17 

52-32 '94 

11 

.164608 

1 1 

.129174 

11 

42 

7 

39 - 54/94 

12 

140588 

12 

.152404 

12 

45 

57 

26 - 76-94 

13 

.118174 

13 

.177186 

13 

49 

47 

14 - 4 94 

14 

.097465 

14 

.203410 

14 

53 

37 

1-26 94 

15 

.078554 

15 

.230959 

15 

57 

26 

48 - 48/94 

16 

.061525 

16 

.259709 

16 

61 

16 

35 - 70/94 

17 

04(>455 

17 

.289532 

17 

65 

6 

22-92 94 

1 H 

(133410 

18 

.320296 

18 

68 

56 

10-20 94 

19 

022449 

19 

351862 

19 

72 

45 

57 - 42/94 


400 


Digitized by 


Gck igle 


Original from 

UNIVERSITY OF MICHIGAN 






COORDINATE 1 

FACTORS 

AND ANGLES 

— 94 

HOLE 

DIVISION 


FACTOR 

FACTOR 


ANGLE OF 

HOLE 


FOR “A” 

FOR 

“B" { 


DEG. 

MIN. 

SEC. 

20 

.013621 

20 

.384090 

20 

76 

35 

44 - 64/94 

21 

.006965 

21 

.416835 

21 

80 

25 

31 - 86/94 

22 

.002511 

22 

.449952 

22 

84 

15 

19 - 14/94 

23 

.000279 

23 

.483293 

23 

88 

5 

6 - 36/94 

24 

.000279 

24 

.516707 

24 

91 

54 

53 - 58/94 

25 

.002511 

25 

.550048 

25 

95 

44 

40 - 80/94 

26 

.006965 

26 

.583165 

26 

99 

34 

28 - 8/94 

27 

.013621 

27 

.615910 

27 

103 

24 

15 - 30/94 

28 

.022449 

28 

.648138 

28 

107 

14 

2 - 52/94 

29 

.033410 

29 

.679704 

29 

111 

3 

49 - 74/94 

30 

.046455 

30 

710468 

30 

114 

53 

37 - 2/94 

31 

.061525 

31 

.740291 

31 

118 

43 

24 - 24/94 

32 

.078554 

32 

.769041 

32 

122 

33 

11 - 46/94 

33 

.097465 

33 

.796590 

33 

126 

22 

58 - 68/94 

34 

.118174 

34 

.822814 

34 

130 

12 

45 - 90/94 

35 

.140588 

35 

.847596 

35 

134 

2 

33 - 18/94 

36 

. 164608 

36 

.870826 

36 

137 

52 

20 — 40/94 

37 

.190125 

37 

.892400 

37 

141 

42 

7 - 62/94 

38 

.217026 

38 

.912221 

38 

145 

31 

54 - 84/94 

39 

.245192 

39 

.930201 

39 

149 

21 

42 - 12/94 

40 

.274495 

40 

.946259 

40 

153 

11 

29 - 34/94 

41 

.304806 

41 

.960325 

41 

157 

1 

16 - 56/94 

42 

.335988 

42 

.972335 

42 

160 

51 

3 - 78/94 

43 

.367902 

43 

.982235 

43 

164 

40 

51 - 6/94 

44 

.400407 

44 

.989981 

44 

168 

30 

38 - 28/94 

45 

.433357 

45 

995539 

45 

172 

20 

25 - 50/94 

46 

.466604 

46 

.998883 

46 

176 

10 

12 - 72/94 

47 

.500000 

47 

1.000000 

47 

180 

00 

00000000 

48 

.533396 

48 

.998883 

48 

183 

49 

47 - 22/94 

49 

. 566643 

49 

.995539 

49 

187 

39 

34 - 44/94 

50 

. 599593 

50 

989981 

50 

191 

29 

21 - 66/94 

51 

.632098 

51 

.982235 

51 

195 

19 

8 - 88/94 

52 

.664012 

52 

.972335 

52 

199 

8 

56 - 16/94 

53 

.695194 

53 

.960325 

53 

202 

58 

43 - 38/94 

54 

.725505 

54 

.946259 

54 

206 

48 

30 - 60/94 

55 

.754808 

55 

.930201 

55 

210 

38 

17 - 82/94 

56 

.782974 

56 

.912221 

56 

214 

28 

5 - 10/94 

57 

.809875 

57 

.892400 

57 

218 

17 

52 - 32/94 

58 

.835392 

58 

.870826 

58 

222 

7 

39 - 54/94 

59 

.859412 

59 

.847596 

59 

225 

57 

26 - 76/94 

60 

.881826 

60 

.822814 

60 

229 

47 

14 - 4/94 

61 

.902535 

61 

.796590 

61 

233 

37 

1 - 26/94 

62 

.921446 

62 

.769041 

62 

237 

26 

48 - 48/94 

63 

.938475 

6.3 

.740291 

63 

241 

16 

35 - 70/94 

64 

.953545 

64 

.710468 

64 

245 

6 

22 - 92/94 

65 

.966590 

65 

.679704 

65 

248 

56 

10 - 20/94 

66 

.977551 

66 

.648138 

66 

252 

45 

57 - 42/94 

67 

.986379 

67 

.615910 

67 

256 

35 

44 - 64/94 

68 

.993035 

68 

.583165 

68 

260 

25 

31 - 86/94 

69 

.997489 

69 

.550048 

69 

264 

15 

19 - 14/94 

70 

.999721 

70 

.516707 

70 

268 

5 

6 - 36/94 

71 

.999721 

71 

.483293 

71 

271 

54 

53 - 58/94 

72 

.997489 

72 

.449952 

72 

275 

44 

40 - 80/94 

73 

.993035 

73 

.416835 

73 

279 

34 

28 - 8/94 

74 

. 986379 

74 

.384090 

74 

283 

24 

15 - 30/94 

75 

.977551 

75 

.351862 

75 

287 

14 

2 - 52/94 

76 

.966590 

76 

.320296 

76 

291 

3 

49 - 74/94 

77 

.953545 

77 

.289532 

77 

294 

53 

37 - 2/94 

78 

.938475 

78 

.259709 

78 

298 

43 

24 - 24/94 

79 

.921446 

79 

.230959 

79 

302 

33 

11 - 46/94 

80 

.902535 

80 

.203410 

80 

306 

22 

58 - 68/94 

81 

.881826 

81 

.177186 

HI 

310 

12 

45 - 90/94 

82 

.859412 

82 

.152404 

82 

314 

2 

33 - 18/94 

83 

.835392 

83 

.129174 

83 

317 

52 

20 - 40/94 

84 

.809875 

84 

.107600 

84 

321 

42 

7 - 62/94 

85 

.782974 

85 

.087779 

85 

325 

31 

54 - 84/94 

86 

.754808 

86 

.069799 

86 

329 

21 

42 - 12/94 

87 

.725505 

87 

.053741 

87 

333 

11 

29 - 34/94 

88 

.695194 

88 

.039675 

88 

337 

1 

16 - 56/94 

89 

.664012 

89 

.027665 

89 

340 

51 

3 - 78/94 

90 

.632098 

90 

017765 

90 

344 

40 

51 - 6/94 

91 

.599593 

91 

.010019 

91 

348 

30 

38 - 28/94 

92 

. 566643 

92 

.004461 

92 

352 

20 

25 - 50/94 

9 3 

.533396 

93 

.001117 

6.3 

356 

10 

12 - 72/94 

94 

.500000 

94 

.000000 

94 

360 

0 

0 
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95 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 




FACTOR 

FOR “A” 

FACTOR 

FOR "B” 

♦ 


ANGLE OF 

HOLE 

DEG. 

MIN. 

SEC. 

1 

.466955 

1 

.001093 

1 

3 

47 

22-10 95 

2 

.434054 

2 

.004368 

2 

7 

34 

44 - 20/95 

3 

.401441 

3 

.009810 

3 

11 

22 

6 - 30/95 

4 

.369260 

4 

.017396 

4 

15 

9 

28 - 40/95 

5 

. 337650 

5 

.027091 

5 

18 

56 

50 - 50/95 

0 

.306750 

6 

.038855 

6 

22 

44 

12 - 60/95 

7 

.276696 

7 

.052635 

7 

26 

31 

34 - 70/95 

8 

.247617 

8 

.068372 

8 

30 

18 

56 - 80/95 

9 

.219643 

9 

.085996 

9 

34 

6 

18 - 90/95 

10 

.192894 

10 

.105430 

10 

37 

53 

41 - 5/95 

11 

.167488 

11 

.126589 

1 1 

41 

41 

3 - 15/95 

12 

.143536 

12 

.149382 

12 

45 

28 

25 - 25/95 

13 

.121143 

13 

.173706 

13 

49 

15 

47 - 35/95 

14 

.100406 

14 

.199459 

14 

53 

3 

9 - 45/95 

15 

.081417 

15 

.226526 

15 

56 

50 

31 - 55/95 

16 * 

.064258 

16 

.254788 

16 

60 

37 

53 - 65/95 

17 

.049004 

1 

.284123 

17 

64 

25 

15-75 95 

18 

.035723 

18 

.314401 

18 

68 

12 

37-85 95 

19 

.024472 

19 

.345492 

19 

72 

00 

00000000 
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Original from 
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COORDINATE FACTORS AND ANGLES —95 HOLE DIVISION 



FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR “A” 

FOR "B" 

♦ 


DEG. 

MIN. 

SEC. 

20 

.015300 

20 

.377257 

20 

75 

47 

22 - 10/95 

21 

.008247 

21 

.409560 

21 

79 

34 

44 - 20/95 

22 

.003345 

22 

.442258 

22 

83 

22 

6 - 30/95 

23 

.000615 

23 

.475208 

23 

87 

9 

28 - 40/95 

24 

.000068 

24 

.508267 

24 

90 

56 

50 - 50/95 

25 

.001708 

25 

.541290 

25 

94 

44 

12 - 60/95 

26 

.005526 

26 

.574132 

26 

98 

31 

34 - 70/95 

27 

.011507 

27 

.606650 

27 

102 

18 

56 - 80/95 

28 

.019623 

28 

.638701 

28 

106 

6 

18 - 90/95 

29 

.029840 

29 

.670147 

29 

109 

53 

41 - 5/95 

30 

.042113 

30 

.700848 

30 

113 

41 

3 - 15/95 

31 

.056389 

.31 

.730671 

31 

117 

28 

25 - 25/95 

32 

072604 

32 

.759485 

32 

121 

15 

47 - 35/95 

33 

.090688 

.33 

.787164 

33 

125 

3 

9 - 45/95 

34 

110561 

34 

.813588 

34 

128 

50 

31 - 55/95 

35 

.132138 

35 

.838641 

35 

132 

37 

53 - 65/95 

36 

.155323 

36 

.862213 

36 

136 

25 

15 - 75/95 

37 

.180016 

37 

.884201 

37 

140 

12 

37 - 85/95 

38 

206107 

38 

.904508 

38 

144 

00 

00000000 

39 

.233484 

39 

.923048 

39 

147 

47 

22 - 10/95 

40 

.262026 

40 

.939737 

40 

151 

34 

44 - 20/95 

41 

.291609 

41 

.954503 

41 

155 

22 

6 - 30/95 

42 

.322103 

42 

.967282 

42 

159 

9 

28 - 40/95 

43 

.353375 

43 

.978018 

43 

162 

56 

50 - 50/95 

44 

. 385289 

44 

.986663 

44 

166 

44 

12 - 60/95 

45 

.417702 

45 

.993181 

45 

170 

31 

34 - 70/95 

46 

.450478 

46 

.997541 

46 

174 

18 

56 - 80/95 

47 

.483468 

47 

.999727 

47 

178 

6 

18 - 90/95 

48 

.516532 

48 

.999727 

48 

181 

53 

41 - 5/95 

49 

.549522 

49 

.997541 

49 

185 

41 

3 - 15/95 

50 

. 582298 

50 

.993181 

50 

189 

28 

25 - 25/95 

51 

.614712 

51 

.986663 

51 

193 

15 

47 - 35/95 

52 

.646625 

52 

.978018 

52 

197 

3 

9 - 45/95 

53 

.677897 

53 

.967282 

53 

200 

50 

31 - 55/95 

54 

.708391 

54 

.954503 

54 

204 

37 

53 - 65/95 

55 

.737974 

55 

.939737 

55 

208 

25 

15 - 75/95 

56 

.766516 

56 

.923048 

56 

212 

12 

37 - 85/95 

57 

.793893 

57 

.904508 

57 

216 

00 

00000000 

58 

.819984 

58 

.884201 

58 

219 

47 

22 - 10/95 

59 

.844677 

59 

.862213 

59 

223 

34 

44 - 20/95 

60 

.867862 

60 

.838641 

60 

227 

22 

6 - 30/95 

61 

.889439 

61 

.813588 

61 

231 

9 

28 - 40/95 

62 

.909312 

62 

.787164 

62 

234 

56 

50 - 50/95 

63 

.927396 

63 

.759485 

63 

238 

44 

12 - 60/95 

64 

.943611 

64 

.730671 

64 

242 

31 

34 - 70/95 

65 

.957887 

65 

.700848 

65 

246 

18 

56 - 80/95 

66 

.970160 

66 

.670147 

66 

250 

6 

18 - 90/95 

67 

.980377 

67 

.638701 

67 

253 

53 

41 - 5/95 

68 

.988493 

68 

.606650 

68 

257 

41 

3 - 15/95 

69 

.994474 

69 

.574132 

69 

261 

28 

25 - 25/95 

70 

.998292 

70 

.541290 

70 

265 

15 

47 - 35/95 

71 

.999932 

71 

.508267 

71 

269 

3 

9 - 45/95 

72 

.999385 

72 

.475208 

72 

272 

50 

31 - 55/95 

73 

.996655 

73 

.442258 

73 

276 

37 

53 - 65/95 

74 

.991753 

74 

.409560 

74 

280 

25 

15 - 75/95 

75 

.984700 

75 

.377257 

75 

284 

12 

37 - 85/95 

76 

.975528 

76 

.345492 

76 

288 

00 

00000000 

77 

.964277 

77 

.314401 

77 

291 

47 

22 - 10/95 

78 

.950996 

78 

.284123 

78 

295 

34 

44 - 20/95 

79 

.935742 

79 

.254788 

79 

299 

22 

6 - 30/95 

80 

.918583 

80 

.226526 

80 

303 

9 

28 - 40/95 

81 

.899594 

81 

.199459 

81 

306 

56 

50 - 50/95 

82 

.878857 

82 

.173706 

82 

310 

44 

12 - 60/95 

83 

.856464 

8 3 

.149382 

83 

314 

31 

34 - 70/95 

84 

.832512 

84 

.126589 

84 

318 

18 

56 - 80/95 

85 

.807106 

85 

.105430 

85 

322 

6 

18 - 90/95 

86 

.780358 

86 

.085996 

86 

325 

53 

41 - 5/95 

87 

.752383 

8 ” 

.068372 

87 

329 

41 

3 - 15/95 

88 

.723304 

88 

.052635 

88 

333 

28 

25 - 25/95 

89 

.693250 

89 

.038855 

89 

337 

15 

47 - 35/95 

90 

.662350 

90 

.027091 

90 

341 

3 

9 - 45/95 

91 

.630740 

91 

.017396 

91 

344 

50 

31 - 55/95 

92 

. 598559 

<)2 

.009810 

92 

348 

37 

53-65 '95 

93 

.565946 

•) \ 

.004368 

93 

352 

25 

15 - 75/93 

94 

.533045 

94 

.001093 

94 

356 

12 

37 -85 95 

95 

500000 

'>5 

. 0000 ( H ) 

95 

360 

0 

0 
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COORDINATE FACTORS AND ANGLES —96 HOLE DIVISION 


FACTOR FACTOR ANGIE OF HOLE 



FOR “A” 

FOR "B" 

♦ 



DEO. 

MIN. 

SEC. 

21 

.009607 

21 

.402455 


21 

78 

45 

0 

22 

.004278 

22 

.434737 


22 

82 

30 

0 

23 

.001071 

23 

.467298 


23 

86 

15 

0 

24 

.000000 

24 

. 500000 


24 

90 

00 

0 

25 

.001071 

25 

.532702 


25 

93 

45 

0 

26 

.004278 

26 

.565263 


26 

97 

30 

0 

27 

.009607 

27 

.597545 


27 

101 

15 

0 

28 

.017037 

28 

.629410 


28 

105 

00 

0 

29 

.026535 

29 

.660720 


29 

108 

45 

0 

30 

.038060 

30 

.691342 


30 

112 

30 

0 

31 

.051564 

31 

.721144 


31 

116 

15 

0 

32 

.066987 

32 

.750000 


32 

120 

00 

0 

33 

.084265 

33 

.777785 


33 

123 

45 

0 

34 

.103323 

34 

.804381 


34 

127 

30 

0 

35 

.124080 

35 

.829673 


35 

131 

15 

0 

36 

.146447 

36 

.853553 


36 

135 

00 

0 

37 

.170327 

37 

.875920 


37 

138 

45 

0 

38 

.195619 

38 

.896677 


38 

142 

30 

0 

39 

.222215 

39 

.915735 


39 

146 

15 

0 

40 

.250000 

40 

.933013 


40 

150 

00 

0 

41 

.278856 

41 

.948436 


41 

153 

45 

0 

42 

.308658 

42 

.961940 


42 

157 

30 

0 

43 

.339280 

43 

.973465 


43 

161 

15 

0 

44 

.370590 

44 

.982963 


44 

165 

00 

0 

45 

.402455 

45 

.990393 


45 

168 

45 

0 

46 

.434737 

46 

.995722 


46 

172 

30 

0 

47 

.467298 

47 

.998929 


47 

176 

15 

0 

48 

.500000 

48 

1 .000000 


48 

180 

00 

0 

49 

.532702 

49 

.998929 


49 

183 

45 

0 

50 

.565263 

50 

.995722 


50 

187 

30 

0 

51 

.597545 

51 

.990393 


51 

191 

15 

0 

52 

.629410 

52 

.982963 


52 

195 

00 

0 

53 

.660720 

53 

.973465 


53 

198 

45 

0 

54 

.691342 

54 

.961940 


54 

202 

30 

0 

55 

.721144 

55 

.948436 


55 

206 

15 

0 

56 

.750000 

56 

.933013 


56 

210 

00 

0 

57 

.777785 

57 

.915735 


57 

213 

45 

0 

58 

.804381 

58 

896677 


58 

217 

30 

0 

59 

.829673 

59 

875920 


59 

221 

15 

0 

60 

.853553 

60 

.853553 


60 

225 

00 

0 

61 

.875920 

61 

.829673 


61 

228 

45 

0 

62 

.896677 

62 

.804381 


62 

232 

30 

0 

63 

.915735 

63 

.777785 


63 

236 

15 

0 

64 

.933013 

64 

.750000 


64 

240 

00 

0 

65 

.948436 

65 

.721144 


65 

243 

45 

0 

66 

.961940 

66 

.691342 


66 

247 

30 

0 

67 

.973465 

67 

.660720 


67 

251 

15 

0 

68 

982963 

68 

.629410 


68 

255 

00 

0 

69 

.990393 

69 

.597545 


69 

258 

45 

0 

70 

.995722 

70 

.565263 


70 

262 

30 

0 

71 

.998929 

71 

.532702 


71 

266 

15 

0 

72 

1.000000 

72 

.500000 


72 

270 

00 

0 

73 

.998929 

73 

.467298 


73 

273 

45 

0 

74 

.995722 

74 

.434737 


74 

277 

30 

0 

75 

.990393 

75 

.402455 


75 

281 

15 

0 

76 

.982963 

76 

.370590 


76 

285 

00 

0 

77 

.973465 

77 

.339280 


77 

288 

45 

0 

78 

.961940 

78 

.308658 


78 

292 

30 

0 

79 

.948436 

79 

.278856 


79 

296 

15 

0 

80 

.933013 

80 

.250000 


80 

300 

00 

0 

81 

.915735 

81 

.222215 


81 

303 

45 

0 

82 

.896677 

82 

.195619 


82 

307 

30 

0 

83 

.875920 

83 

.170327 


83 

311 

15 

0 

84 

.853553 

84 

.146447 


84 

315 

00 

0 

85 

.829673 

85 

.124080 


85 

318 

45 

0 

86 

.804381 

86 

.103323 


86 

322 

30 

0 

87 

.777785 

87 

.084265 


87 

326 

15 

0 

88 

.750000 

88 

.066987 


88 

330 

OO 

0 

89 

.721144 

89 

.051564 


89 

333 

45 

0 

90 

.691342 

90 

.038060 


90 

337 

30 

0 

91 

.660720 

91 

.026535 


91 

341 

15 

0 

92 

.629410 

92 

.017037 


92 

345 

00 

0 

93 

.597545 

93 

.009607 


93 

348 

45 

0 

94 

.565263 

94 

.004278 


94 

352 

30 

0 

95 

.532702 

95 

.001071 


95 

356 

15 

0 

96 

500000 

96 

.000000 


96 

360 

0 

0 
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97 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 




FACTOR 

FOR “A” 

FACTOR 

FOR “B” 

♦ 


ANGLE OF 

DEG. MIN. 

HOLE 

SEC. 

1 

.467635 

l 

.001049 

1 

3 

42 

40 - 80/97 

2 

.435406 

2 

.004190 

2 

7 

25 

21 - 63/97 

3 

.403448 

3 

.009411 

3 

11 

8 

2 - 46/97 

4 

.371894 

4 

.016690 

4 

14 

50 

43 - 29/97 

5 

.340879 

5 

.025995 

5 

18 

33 

24 - 12/97 

6 

.310530 

6 

.037289 

6 

22 

16 

4 - 92/97 

7 

.280976 

7 

.050524 

7 

25 

58 

45 - 75/97 

8 

.252341 

8 

.065644 

8 

29 

41 

26-58 97 

9 

.224745 

9 

.082586 

9 

33 

24 

7 - 41/97 

10 

.198303 

10 

.101278 

10 

37 

6 

48 - 24/97 

11 

.173126 

11 

.121644 

11 

40 

49 

29 - 7/97 

12 

.149321 

12 

.143596 

12 

44 

32 

9 - 87/97 

13 

. 126986 

13 

.167042 

13 

48 

14 

50 - 70/97 

14 

.106216 

14 

.191886 

14 

51 

57 

31 - 53/97 

15 

.087098 

15 

.218021 

15 

55 

40 

12 - 36/97 

16 

.069711 

16 

.245340 

16 

59 

22 

53 - 19/97 

17 

.054130 

17 

.273726 

17 

63 

5 

34 - 2/97 

18 

.040418 

18 

.303062 

18 

66 

48 

14 - 82/97 

19 

.028634 

19 

.333224 

19 

70 

30 

55 - 65/97 

20 

.018827 

20 

.364085 

20 

74 

13 

36-48 97 
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COORDINATE FACTORS AND ANGLES 

— 97 

HOLE 

DIVISION 


FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR “A" 

FOR “B” 

4 


DEG. 

MIN. 

SEC 

21 

.011039 

21 

.395516 

21 

77 

56 

17 - 31/97 

22 

.005301 

22 

.427386 

22 

81 

38 

58 - 14/97 

23 

.001638 

23 

.459560 

23 

85 

21 

38 - 94/97 

24 

.000066 

24 

.491903 

24 

89 

4 

19 - 77/97 

25 

.000590 

25 

.524281 

25 

92 

47 

00 - 60/97 

26 

.003209 

26 

.556557 

26 

96 

29 

41 - 43/97 

27 

.007912 

27 

.588596 

27 

100 

12 

22 - 26/97 

28 

.014679 

28 

.620262 

28 

103 

55 

3 - 9/97 

29 

.023481 

29 

.651425 

29 

107 

37 

43 - 89/97 

30 

.034282 

30 

.681952 

30 

111 

20 

24 - 72/97 

31 

.047036 

31 

.711717 

31 

115 

3 

5 - 55/97 

32 

.061691 

32 

.740593 

32 

118 

45 

46 - 38/97 

33 

.078183 

33 

.768460 

33 

122 

28 

27 - 21/97 

34 

.096445 

34 

.795201 

34 

126 

11 

8 - 4/97 

35 

.116400 

35 

.820704 

35 

129 

53 

48 - 84/97 

36 

.137964 

36 

.844862 

36 

133 

36 

29 - 67/97 

37 

.161046 

37 

.867573 

37 

137 

19 

10 - 50/97 

38 

.185550 

38 

.888743 

38 

141 

1 

51 - 33/97 

39 

.211372 

39 

.908282 

39 

144 

44 

32 - 16/97 

40 

.238405 

40 

.926108 

40 

148 

27 

12 - 96/97 

41 

.266536 

41 

.942148 

41 

152 

9 

53 - 79/97 

42 

.295646 

42 

.956333 

42 

155 

52 

34 - 62/97 

43 

.325613 

43 

.968603 

43 

159 

35 

15 - 45/97 

44 

.356311 

44 

.978909 

44 

163 

17 

56 - 28/97 

45 

.387612 

45 

.987205 

45 

167 

00 

37 - 11/97 

46 

.419385 

46 

.993458 

46 

170 

43 

17 - 91/97 

47 

.451495 

47 

.997642 

47 

174 

25 

58 - 74/97 

48 

.483809 

48 

.999738 

48 

178 

8 

39 - 57/97 

49 

.516191 

49 

.999738 

49 

181 

51 

20 - 40/97 

50 

.548505 

50 

.997642 

50 

185 

34 

1 - 23/97 

51 

.580615 

51 

.993458 

51 

189 

16 

42 - 6/97 

52 

.612388 

52 

.987205 

52 

192 

59 

22 - 86/97 

53 

.643689 

53 

.978909 

53 

196 

42 

3 - 69/97 

54 

.674387 

54 

.968603 

54 

200 

24 

44 - 52/97 

55 

.704354 

55 

.956333 

55 

204 

7 

25 - 35/97 

56 

.733464 

56 

.942148 

56 

207 

50 

6 - 18/97 

57 

.761595 

57 

.926108 

57 

211 

32 

47 - 1/97 

58 

.788628 

58 

.908282 

58 

215 

15 

27 - 81/97 

59 

.814450 

59 

.888743 

59 

218 

58 

8 - 64/97 

60 

.838954 

60 

.867573 

60 

222 

40 

49 - 47/97 

61 

.862036 

61 

.844862 

61 

226 

23 

30 - 30/97 

62 

.883600 

62 

.820704 

62 

230 

6 

11 - 13/97 

63 

.903555 

63 

.795201 

63 

233 

48 

51 - 93/97 

64 

.921817 

64 

.768460 

64 

237 

31 

32 - 76/97 

65 

.938309 

65 

.740593 

65 

241 

14 

13 - 59/97 

66 

.952964 

66 

.711717 

66 

244 

56 

54 - 42/97 

67 

.965718 

67 

.681952 

67 

248 

39 

35 - 25/97 

68 

.976519 

68 

.651425 

68 

252 

22 

16 - 8/97 

69 

.985321 

69 

.620262 

69 

256 

4 

56 - 88/97 

70 

.992088 

70 

.588596 

70 

259 

47 

37 - 71/97 

71 

.996791 

71 

.556557 

71 

263 

30 

18 - 54/97 

72 

.999410 

72 

.524281 

72 

267 

12 

59 - 37/97 

73 

.999934 

73 

.491903 

73 

270 

55 

40 - 20/97 

74 

.998362 

74 

.459560 

74 

274 

38 

21 - 3/97 

75 

.994699 

75 

.427386 

75 

278 

21 

1 - 83/97 

76 

.988961 

76 

.395516 

76 

282 

3 

42 - 66/97 

77 

.981173 

77 

.364085 

77 

285 

46 

23 - 49/97 

78 

.971366 

78 

.333224 

78 

289 

29 

4 - 32/97 

79 

.959582 

79 

.303062 

79 

293 

11 

45 - 15/97 

80 

.945870 

80 

.273726 

80 

296 

54 

25 - 95/97 

81 

.930289 

81 

.245340 

81 

300 

37 

6 - 78/97 

82 

.912902 

82 

.218021 

82 

304 

19 

47 - 61/97 

83 

.893784 

83 

.191886 

83 

308 

2 

28 - 44/97 

84 

.873014 

84 

.167042 

84 

311 

45 

9 - 27/97 

85 

.850679 

85 

.143596 

85 

315 

27 

50 - 10/97 

86 

.826874 

86 

.121644 

86 

319 

10 

30 - 90/97 

87 

.801697 

87 

.101278 

87 

322 

53 

11 - 73/97 

88 

.775255 

88 

.082586 

88 

326 

35 

52 - 56/97 

89 

.747659 

89 

.065644 

89 

330 

18 

33 - 39/97 

90 

.719024 

90 

.050524 

90 

334 

1 

14 - 22/97 

91 

.689470 

91 

.037289 

91 

337 

43 

55 - 5/97 

92 

.659121 

92 

025995 

92 

341 

26 

35 - 85/97 

93 

.628106 

93 

016690 

93 

345 

9 

16 - 68/97 

94 

.596552 

94 

.009411 

94 

348 

51 

57 - 51/97 

95 

564594 

95 

004190 

95 

352 

34 

38 - 34/97 

96 

.532365 

96 

.001049 

96 

356 

17 

19 - 17/97 

97 

.500000 

97 

.000000 

97 

360 

0 

0 
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98 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 




FACTOR 

FOR “A” 


FACTOR 

FOR "B" 

♦ 


ANGLE OF 

DEG. MIN. 

HOLE 

SEC. 

1 

.467965 


l 

.001027 

1 

3 

40 

24-48/98 

2 

.436061 


2 

.004105 

2 

7 

20 

48-96/98 

3 

.404421 


3 

.009220 

3 

11 

1 

13-46/98 

4 

.373175 


4 

.016353 

4 

14 

41 

37-94/98 

5 

.342447 


5 

.025472 

5 

18 

22 

2-44/98 

6 

.312367 


6 

.036542 

6 

22 

2 

26-92/98 

7 

.283058 


7 

.049516 

7 

25 

42 

51-42/98 

8 

.254641 


8 

.064341 

8 

29 

23 

15-90/98 

9 

.227233 


9 

.080956 

9 

33 

3 

40-40/98 

10 

.200945 


10 

.099293 

10 

36 

44 

4-88/98 

11 

. 175886 


11 

.119277 

11 

40 

24 

29-38/98 

12 

.152159 


12 

.140825 

12 

44 

4 

53-86/98 

13 

.129860 


13 

.163850 

13 

47 

45 

18-36/98 

14 

.109084 


14 

.188255 

14 

51 

25 

42-84/98 

IS 

.089914 


15 

.213942 

15 

55 

6 

7-34/98 

16 

.072429 


1(> 

.240804 

16 

58 

46 

31-82/98 

17 

.056700 


17 

.268731 

17 

62 

26 

56-32/98 

18 

042794 


18 

.297608 

18 

66 

i 

20-80/98 

19 

.030766 


1^ 

.327318 

19 

69 

47 

45-30/98 

20 

. 02066(i 


2«> 

.357736 

20 

73 

28 

9-78/98 
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COORDINATE FACTORS AND ANGLES —98 HOLE DIVISION 



FACTOR 

FACTOR 



ANGLE OF 

HOLE 


FOR "A" 

FOR “B” 



DEG. 

MIN. 

SEC. 

21 

.012536 

21 

.388740 

21 

77 

8 

34 - 28/98 

22 

.006409 

22 

.420200 

22 

80 

48 

58 - 76/98 

23 

.002310 

23 

.451988 

23 

84 

29 

23 - 26/98 

24 

.000257 

24 

.483972 

24 

88 

9 

47 - 74/98 

25 

.000257 

25 

.516028 

25 

91 

50 

12 - 24/98 

26 

.002310 

26 

.548012 

26 

95 

30 

36 - 72/98 

27 

.006409 

27 

.579800 

27 

99 

11 

1 - 22/98 

28 

.012536 

28 

.611260 

28 

102 

51 

25 - 70/98 

29 

.020666 

29 

.642264 

29 

106 

31 

50 - 20/98 

30 

.030766 

30 

.672682 

30 

110 

12 

14 - 68/98 

31 

.042794 

31 

.702392 

31 

113 

52 

39 - 18/98 

32 

.056700 

32 

.731269 

32 

117 

33 

3 - 66/98 

33 

.072429 

33 

.759196 

33 

121 

13 

28 - 16/98 

34 

.089914 

34 

.786058 

34 

124 

53 

52 - 64/98 

35 

.109084 

35 

.811745 

35 

128 

34 

17 - 14/98 

36 

.129861 

36 

.836150 

36 

132 

14 

41 - 62/98 

37 

.152159 

37 

.859175 

37 

135 

55 

6 - 12/98 

38 

.175886 

38 

.880723 

38 

139 

35 

30 - 60/98 

39 

.200945 

39 

.900707 

39 

143 

15 

55 - 10/98 

40 

.227233 

40 

.919044 

40 

146 

56 

19 - 58/98 

41 

.254641 

41 

.935659 

41 

150 

36 

44 - 8/98 

42 

.283058 

42 

.950484 

42 

154 

17 

8 - 56/98 

43 

.312367 

43 

.963458 

43 

157 

57 

33 - 6/98 

44 

.342447 

44 

.974528 

44 

161 

37 

57 - 54/98 

45 

.373175 

45 

.983647 

45 

165 

18 

22 - 4/98 

46 

.404421 

46 

.990780 

46 

168 

58 

46 - 52/98 

47 

.436061 

47 

.995895 

47 

172 

39 

11 - 2/98 

48 

.467965 

48 

.998973 

48 

176 

19 

35 - 50/98 

49 

.500000 

49 

1.000000 

49 

180 

00 

00000000 

50 

.532035 

50 

.998973 

50 

183 

40 

24 - 48/98 

51 

.563939 

51 

.995895 

51 

187 

20 

48 - 96/98 

52 

.595579 

52 

.990780 

52 

191 

1 

13 - 46/98 

53 

.626825 

53 

.983647 

53 

194 

41 

37 - 94/98 

54 

.657553 

54 

.974528 

54 

198 

22 

2 - 44/98 

55 

.687634 

55 

.963458 

55 

202 

2 

26 - 92/98 

56 

.716942 

56 

.950484 

56 

205 

42 

51 - 42/98 

57 

.745359 

57 

.935659 

57 

209 

23 

15 - 90/98 

58 

.772767 

58 

.919044 

58 

213 

3 

40 - 40/98 

59 

.799055 

59 

.900707 

59 

216 

44 

4 - 88/98 

60 

.824114 

60 

.880723 

60 

220 

24 

29 - 38/98 

61 

.847841 

61 

.859175 

61 

224 

4 

53 - 86/98 

62 

.870139 

62 

.836150 

62 

227 

45 

18 - 36/98 

63 

.890916 

63 

.811745 

63 

231 

25 

42 - 84/98 

64 

.910086 

64 

.786058 

64 

235 

6 

7 - 34/98 

65 

.927571 

65 

.759196 

65 

238 

46 

31 - 82/98 

66 

.943300 

66 

.731269 

66 

242 

26 

56 - 32/98 

67 

.957206 

67 

.702392 

67 

246 

7 

20 - 80/98 

68 

.969234 

68 

.672682 

68 

249 

47 

45 - 30/98 

69 

.979334 

69 

.642264 

69 

253 

28 

9 - 78/98 

70 

.987464 

70 

.611260 

70 

257 

8 

34 - 28/98 

71 

.993591 

71 

.579800 

71 

260 

48 

58 - 76/98 

72 

.997690 

72 

.548012 

72 

264 

29 

23 - 26/98 

73 

.999743 

73 

.516028 

73 

268 

9 

47 - 74/98 

74 

.999743 

74 

.483972 

74 

271 

50 

12 - 24/98 

75 

.997690 

75 

.451988 

75 

275 

30 

36 - 72/98 

76 

.993591 

76 

.420200 

76 

279 

11 

1 - 22/98 

77 

.987464 

77 

.388740 

77 

282 

51 

25 - 70/98 

78 

.979334 

78 

.357736 

78 

286 

31 

50 - 20/98 

79 

.969234 

79 

.327318 

79 

290 

12 

14 - 68/98 

80 

.957206 

80 

.297608 

80 

293 

52 

39 - 18/98 

81 

.943300 

81 

.268731 

81 

297 

33 

3 - 66/98 

82 

.927571 

82 

.240804 

82 

301 

13 

28 - 16/98 

83 

.910086 

83 

.213942 

83 

304 

53 

52 - 64/98 

84 

.890916 

84 

.188255 

84 

308 

34 

17 - 14/98 

85 

.870139 

85 

.163850 

85 

312 

14 

41 - 62/98 

86 

.847841 

86 

.140825 

86 

315 

55 

6 - 12/98 

87 

.824114 

87 

.119277 

87 

319 

35 

30 - 60/98 

88 

.799055 

88 

.099293 

88 

323 

15 

55 - 10/98 

89 

.772767 

89 

.080956 

89 

326 

56 

19 - 58/98 

90 

.745359 

90 

.064341 

90 

330 

36 

44 - 8/98 

91 

.716942 

91 

.049516 

91 

334 

17 

8 - 56/98 

92 

.687634 

92 

.036542 

92 

337 

57 

33 - 6/98 

93 

.657553 

93 

.025472 

93 

341 

37 

57 - 54/98 

94 

.626825 

94 

.016353 

94 

345 

18 

22 - 4/98 

95 

.595579 

95 

.009220 

95 

348 

58 

46 - 52/98 

96 

.563939 

96 

.004105 

96 

352 

39 

11 - 2/98 

97 

.532035 

97 

.001027 

97 

356 

19 

35 - 50/98 

98 

500000 

98 

.000000 

98 

360 

0 

0 
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99 HOLE DIVISION —COORDINATE FACTORS AND ANGLES 



FACTOR FACTOR ANOIE OF HOIE 

FOR "A" FOR “B” f DEO. MIN. SEC. 


1 

. 468290 

1 


.001007 

1 


3 

38 

10-90 99 

2 

.436704 

2 


.004023 

2 


7 

16 

21-81 99 

3 

.405374 

3 


.009036 

3 


10 

54 

32-72 99 

4 

.374426 

4 


.016026 

4 


14 

32 

43-63 99 

5 

.343983 

5 


.024964 

5 


18 

10 

54-54 99 

6 

314169 

6 


.035816 

6 


21 

49 

5-45 99 

7 

285103 

7 


.048537 

7 


25 

27 

16-36 99 

8 

.256902 

8 


.063075 

8 


29 

5 

27-27 99 

9 

229680 

9 


.079373 

9 


32 

43 

38-fs 99 

10 

.203546 

10 


.097365 

10 


36 

21 

49- 9/99 

11 

.178606 

1 1 


.116978 

1 1 


40 

00 

OOOOOOOO 

12 

.154961 

12 


.138133 

12 


43 

38 

10-90 99 

13 

132704 

13 


.160745 

13 


47 

16 

21-81 99 

14 

.111927 

14 


.184724 

14 


50 

54 

32-72 99 

15 

.092712 

15 


.209972 

15 


54 

32 

43-63 99 

10 

.075138 

16 


.236387 

16 


58 

10 

54-54 99 

17 

.059273 

P 


.263864 

17 


61 

49 

5-45 99 

18 

.045184 

18 


292292 

18 


65 

27 

16-36 99 

19 

,032'»26 

19 


.321557 

19 


69 

5 

27-27 99 

20 

022549 

20 


.351540 

20 


72 

43 

38-18 99 
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COORDINATE FACTORS AND ANGLES —99 HOLE DIVISION 


FACTOR ANGIE OF HOIE 



FOR “A” 

FOR “B” 

♦ 


DEG. 

MIN. 

SEC. 

21 

.014094 

21 

.382121 

21 

76 

21 

49- 9/99 

22 

.007596 

22 

.413176 

22 

80 

00 

00000000 

23 

.003081 

23 

.444581 

23 

83 

38 

10-90/99 

24 

.000566 

24 

.476209 

24 

87 

16 

21-81/99 

25 

.000063 

25 

.507933 

25 

90 

54 

32-72/99 

26 

.001573 

26 

.539625 

26 

94 

32 

43-63/99 

27 

.005089 

27 

.571157 

27 

98 

10 

54-54/99 

28 

.010599 

28 

.602403 

28 

101 

49 

5-45/99 

29 

.018079 

29 

.633237 

29 

105 

27 

16-36/99 

30 

.027500 

30 

.663534 

30 

109 

5 

27-27/99 

31 

.038823 

31 

.693173 

31 

112 

43 

38-18/99 

32 

.052003 

32 

.722033 

32 

116 

21 

49- 9/99 

33 

.066987 

33 

.750000 

33 

120 

00 

00000000 

34 

.083715 

34 

.776960 

34 

123 

38 

10-90/99 

35 

.102119 

35 

.802805 

35 

127 

16 

21-81/99 

36 

.122125 

36 

.827430 

36 

130 

54 

32-72/99 

37 

.143653 

37 

.850737 

37 

134 

32 

43-63/99 

38 

.166616 

38 

.872632 

38 

138 

10 

54-54/99 

39 

.190921 

39 

.893027 

39 

141 

49 

5-45/99 

40 

.216470 

40 

.911838 

40 

145 

27 

16-36/99 

41 

.243161 

41 

.928992 

41 

149 

5 

27-27/99 

42 

.270887 

42 

.944418 

42 

152 

43 

38-18/99 

43 

.299535 

43 

.958054 

43 

156 

21 

49- 9/99 

44 

.328990 

44 

.969846 

44 

160 

00 

00000000 

45 

.359134 

45 

.979746 

45 

163 

38 

10-90/99 

46 

.389845 

46 

.987715 

46 

167 

16 

21-81/99 

47 

.420999 

47 

.993719 

47 

170 

54 

32-72/99 

48 

.452472 

48 

.997736 

48 

174 

32 

43-63/99 

49 

.484136 

49 

.999748 

49 

178 

10 

54-54/99 

50 

.515864 

50 

.999748 

50 

181 

49 

5-45/99 

51 

.547528 

51 

.997736 

51 

185 

27 

16-36/99 

52 

.579001 

52 

.993719 

52 

189 

5 

27-27/99 

53 

.610155 

53 

.987715 

53 

192 

43 

38-18/99 

54 

.640866 

54 

.979746 

54 

196 

21 

49- 9/99 

55 

.671010 

55 

.969846 

55 

200 

00 

00000000 

56 

.700465 

56 

.958054 

56 

203 

38 

10-90/99 

57 

.729113 

57 

.944418 

57 

207 

16 

21-81/99 

58 

.756839 

58 

.928992 

58 

210 

54 

32-72/99 

59 

.783530 

59 

.911839 

59 

214 

32 

43-63/99 

60 

.809080 

60 

.893027 

60 

218 

10 

54-54/99 

61 

.833385 

61 

.872632 

61 

221 

49 

5-45/99 

62 

.856347 

62 

.850737 

62 

225 

27 

16-36/99 

63 

.877875 

63 

.827430 

63 

229 

5 

27-27/99 

64 

.897881 

64 

.802805 

64 

232 

43 

38-18/99 

65 

.916285 

65 

.776960 

65 

236 

21 

49- 9/99 

66 

.933013 

66 

.750000 

66 

240 

00 

00000000 

67 

.947997 

67 

.722033 

67 

243 

38 

10-90/99 

68 

.961177 

68 

.693173 

68 

247 

16 

21-81/99 

69 

.972500 

69 

.663534 

69 

250 

54 

32-72/99 

70 

.981921 

70 

.633237 

70 

254 

32 

43-63/99 

71 

.989401 

71 

.602403 

71 

258 

10 

54-54/99 

72 

.994911 

72 

.571157 

72 

261 

49 

5-45/99 

73 

.998427 

73 

.539625 

73 

265 

27 

16-36/99 

74 

.999937 

74 

.507933 

74 

269 

5 

27-27/99 

75 

.999434 

75 

.476209 

75 

272 

43 

38-18/99 

76 

.996919 

76 

.444581 

76 

276 

21 

49- 9/99 

77 

.992404 

77 

.413176 

77 

280 

00 

00000000 

78 

.985906 

78 

.382121 

78 

283 

38 

10-90/99 

79 

.977451 

79 

.351540 

79 

287 

16 

21-81/99 

80 

.967074 

80 

.321557 

80 

290 

54 

32-72/99 

81 

.954816 

81 

.292292 

81 

294 

32 

43-63/99 

82 

.940727 

82 

.263864 

82 

298 

10 

54-54/99 

83 

.924862 

83 

.236387 

83 

301 

49 

5-45/99 

84 

.907288 

84 

.209972 

84 

305 

27 

16-j‘ i 

85 

888073 

85 

.184724 

85 

309 

5 

27-27/99 

86 

.867296 

86 

.160745 

86 

312 

43 

38-18/99 

87 

.845039 

87 

.138133 

87 

316 

21 

49- 9 /■■>•) 

88 

.821394 

88 

.116978 

88 

320 

00 

00000000 

89 

.796454 

89 

.097365 

89 

323 

38 

10-90/99 

90 

.770320 

90 

.079373 

90 

327 

16 

21-81/99 

91 

.74.3098 

91 

.063075 

91 

330 

54 

32-72/99 

92 

.714897 

92 

.048537 

92 

334 

32 

43-63/99 

93 

.685831 

93 

035816 

93 

338 

10 

54-54/99 

94 

.656017 

94 

.024964 

94 

341 

49 

5-45/99 

95 

.625574 

95 

.016026 

95 

345 

27 

16-36/99 

96 

.594626 

96 

.009036 

96 

349 

5 

27-27/99 

97 

.56.3296 

<P 

.004023 

97 

352 

43 

38-18/99 

98 

.531710 

98 

.001007 

9H 

356 

21 

49- 9/99 

99 

.500000 

99 

.000000 

99 

360 

0 

0 
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FACTOR 

FOR “A" 

FACTOR 

FOR “B” 

1 


ANGLE OF HOLE 

DEG. 

MIN. 

SEC. 

1 

.468605 

l 

.000987 

1 

3 

36 

0 

2 

.437333 

2 

.003943 

2 

7 

12 

0 

3 

.406309 

3 

.008856 

3 

10 

48 

0 

4 

.375655 

4 

.015708 

4 

14 

24 

0 

5 

.345492 

5 

.024472 

5 

18 

00 

0 

6 

.315937 

6 

.035112 

6 

21 

36 

0 

7 

.287110 

7 

.047586 

7 

25 

12 

0 

8 

.259123 

8 

.061847 

8 

28 

48 

0 

9 

.232087 

9 

.077836 

9 

32 

24 

0 

10 

.206107 

10 

.095492 

10 

36 

00 

0 

11 

.181288 

11 

.114743 

11 

39 

36 

0 

12 

.157726 

12 

.135516 

12 

43 

12 

0 

13 

.135516 

13 

. 157726 

13 

46 

48 

0 

14 

.114743 

14 

.181288 

14 

50 

24 

0 

13 

.095492 

15 

.206107 

15 

54 

00 

0 

16 

.077836 

16 

.232087 

16 

57 

36 

0 

17 

.061847 

17 

.259123 

17 

61 

12 

0 

18 

.047586 

18 

.287110 

18 

64 

48 

0 

19 

.035112 

19 

.315937 

19 

68 

24 

0 

20 

.024472 

20 

.345492 

20 

72 

00 

0 


412 
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COORDINATE FACTORS AND ANGLES —100 HOLE DIVISION 



FACTOR 

FACTOR 



ANOLE OF 

HOLE 


FOR “A” 

FOR “B” 

♦ 


DEO. 

MIN. 

SEC. 

21 

.015708 

21 

.375655 

21 

75 

36 

0 

22 

.008856 

22 

.406309 

22 

79 

12 

0 

23 

.003943 

23 

.437333 

23 

82 

48 

0 

24 

.000987 

24 

.468605 

24 

86 

24 

0 

25 

.000000 

25 

.500000 

25 

90 

00 

0 

26 

.000987 

26 

.531395 

26 

93 

36 

0 

27 

.003943 

27 

.562667 

27 

97 

12 

0 

28 

.008856 

28 

.593691 

28 

100 

48 

0 

29 

.015708 

29 

.624345 

29 

104 

24 

0 

30 

.024472 

30 

.654508 

30 

108 

00 

0 

31 

.035112 

31 

.684062 

31 

111 

36 

0 

32 

.047586 

32 

.712890 

32 

115 

12 

0 

33 

.061847 

33 

.740877 

33 

118 

48 

0 

34 

.077836 

34 

.767913 

34 

122 

24 

0 

35 

.095492 

35 

.793893 

35 

126 

00 

0 

36 

.114743 

36 

.818712 

36 

129 

36 

0 

37 

.135516 

37 

.842274 

37 

133 

12 

0 

38 

.157726 

38 

.864484 

38 

136 

48 

0 

39 

.181288 

39 

.885257 

39 

140 

24 

0 

40 

.206107 

40 

.904508 

40 

144 

00 

0 

41 

.232087 

41 

.922164 

41 

147 

36 

0 

42 

.259123 

42 

.938153 

42 

151 

12 

0 

43 

.287110 

43 

.952414 

43 

154 

48 

0 

44 

.315937 

44 

.964888 

44 

158 

24 

0 

45 

.345492 

45 

.975528 

45 

162 

00 

0 

46 

.375655 

46 

.984292 

46 

165 

36 

0 

47 

.406309 

47 

.991144 

47 

169 

12 

0 

48 

.437333 

48 

.996057 

48 

172 

48 

0 

49 

.468605 

49 

.999013 

49 

176 

24 

0 

50 

.500000 

50 

1.000000 

50 

180 

00 

0 

51 

.531395 

51 

.999013 

51 

183 

36 

0 

52 

.562667 

52 

.996057 

52 

187 

12 

0 

53 

.593691 

53 

.991144 

53 

190 

48 

0 

54 

.624345 

54 

.984292 

54 

194 

24 

0 

55 

.654508 

55 

.975528 

55 

198 

00 

0 

56 

.684062 

56 

.964888 

56 

201 

36 

0 

57 

.712890 

57 

.952414 

57 

205 

12 

0 

58 

.740877 

58 

.938153 

58 

208 

48 

0 

59 

.767913 

59 

.922164 

59 

212 

24 

0 

60 

.793893 

60 

.904508 

60 

216 

00 

0 

61 

.818712 

61 

.885257 

61 

219 

36 

0 

62 

.842274 

62 

.864484 

62 

223 

12 

0 

63 

.864484 

63 

.842274 

63 

226 

48 

0 

64 

.885257 

64 

.818712 

64 

230 

24 

0 

65 

.904508 

65 

.793893 

65 

234 

00 

0 

66 

.922164 

66 

.767913 

66 

237 

36 

0 

67 

.938153 

67 

.740877 

67 

241 

12 

0 

68 

.952414 

68 

.712890 

68 

244 

48 

0 

69 

.964888 

69 

.684062 

69 

248 

24 

0 

70 

.975528 

70 

.654508 

70 

252 

00 

0 

71 

.984292 

71 

.624345 

71 

255 

36 

0 

72 

.991144 

72 

.593691 

72 

259 

12 

0 

73 

.996057 

73 

.562667 

73 

262 

48 

0 

74 

.999013 

74 

.531395 

74 

266 

24 

0 

75 

1 .000000 

75 

.500000 

75 

270 

00 

0 

76 

.999013 

76 

.468605 

76 

273 

36 

0 

77 

.996057 

77 

.437333 

77 

277 

12 

0 

78 

.991144 

78 

.406309 

78 

280 

48 

0 

79 

.984292 

79 

.375655 

79 

284 

24 

0 

80 

.975528 

80 

.345492 

80 

288 

00 

0 

81 

.964888 

81 

.315937 

81 

291 

36 

0 

82 

.952414 

82 

.287110 

82 

295 

12 

0 

83 

.938153 

83 

.259123 

83 

298 

48 

0 

84 

.922164 

84 

.232087 

84 

302 

24 

0 

85 

.904508 

85 

.206107 

85 

306 

00 

0 

86 

.885257 

86 

.181288 

86 

309 

36 

0 

87 

.864484 

87 

.157726 

87 

313 

12 

0 

88 

.842274 

88 

.135516 

88 

316 

48 

0 

89 

.818712 

89 

.114743 

89 

320 

24 

0 

90 

793893 

90 

.095492 

90 

324 

00 

0 

91 

.767913 

91 

.077836 

91 

327 

36 

0 

92 

.740877 

92 

.061847 

92 

331 

12 

0 

93 

.712890 

93 

.047586 

93 

334 

48 

0 

94 

684062 

94 

.035112 

94 

338 

24 

0 

95 

654508 

95 

.024472 

95 

342 

00 

0 

96 

624345 

96 

.015708 

96 

345 

36 

0 

97 

.593691 

97 

.008856 

97 

349 

12 

0 

98 

. 562667 

98 

.003943 

98 

352 

48 

0 

99 

.531395 

99 

.000987 

99 

356 

24 

0 

100 

.500000 

100 

.000000 

100 

360 

0 
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Accessories. 

Accuracy . 

Accuracy, dynamic. 

Accuracy, geometric. 

Accuracy, linear. 

Accuracy, performance. 

Accuracy, permanence of. . 

Accuracy, perpendicular. 

Accuracy, rectilinear. 

Accuracy, static. 

Air, compressed. 

Alignment, workpiece. 

Amplifier, electronic. 

Angle, compound. 

Angles. 

Angular arc setting. 

Angular inclination. 

Angular measurement. 

Arc of rotation. 

Austenite. 

Axis, cylinder. 

Axis, grinding spindle. 

Axis, hole. 

Axis, inclinable . . 
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Axis, rotary table. . .. 145, 174 

Axis, rotation. 112 


Axis, spindle 63, 72, 74, 107. 112. 127, 128, 140. 174 


. 58 

57 Ball bearings, preloaded.61, 88 , 123 

5 g Bars, crusher. 166, 188 

54 Bellmouth. 128,203 

57 Bending. 61 

57 Bibliography. 25 

. 19,63 Bleed . 118 

117 Blocks, size. 167 

9 ] Bolts and straps. 91 

135 Boring, single-point. 30, 102, 104 

95 Boring tools, adjustment of. 105 

109 Boring tools, carbide. 105 

120, 139 Box jigs 79, 104 

91 95 Burn, surface. . . 130 

50 Burrs, carbide. 128 

1 39 Bushing holes.79 

55 Buttoning. 28 

95 

c 

128. 140 

20, 134 Cabinets, desk-type. 85 

113 Carbide, form grinding of. 185, 189 
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Carbides. 134,162,165 

Center drills. 101,107 

Chicago, University of. 50, 53 

Chucks, boring. 104 

Chucks, dovetail. 104 

Chucks, drill. 101 

Chucks, inclinable magnetic. 173 

Chucks, swivel. 103, 104 

Circuit, hydraulic. 118 

Clamp ring. 140 

Clamping. 61, 91, 93, 122 

Collet, end reamer. 101, 102 

Combination square. 27 

Compound. 145,167 

Contour measurement. 140 

Contours. 109, 110, 139, 145, 156, 194 

Contours, draft in. 154 

Contours, enclosed. 110, 161, 168 

Contours, inspection of.202 

Control, reciprocation. 117 

Control, stability.122 

Controls . 87, 88 

Controls, operational. 118 

Converted machines 32 

Coordinates, location 81 

Coordinates, polar 73, 96 

Coordinates, rectangular. 20, 71, 96, 195 

Counterbalance, pneumatic. 118 

Cubic concept of accuracy 56, 79 

Cylinders, hydraulic. . 117, 123 
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Cylinders, pneumatic. 117,123 

D 


Datum. 

. 58 

Deflection. 

.59, 61, 122 

Depth stop. 

127. 205 

Development work. 

. 81 

Dials. 

.73,98,107,115,125 

Diamond-dressing. 

. 128,188 

Diamond powder. 

. 136, 187 

Dies.79, 109, 

111, 143, 150, 174, 180 

Dimensional instability . . 

. 23, 64, 65 

Dimensioning. 

.71 

Dimensioning contours. 

.77 

Displacement. 

59 

Distortion. 

80 

Downfeed. 

. 127 

Draft. 

109, 154, 182 

Draft, formula for. 

155 

Dressing, crush. 

165 

Dressing, diamond 

165, 178, 187, 188 

Dressing, roughing. 

179 

Dressing, wheel. 

130 

Drill chucks. 

101 

Drilling. 

. 29 

Drills, center . 

101, 107 

Drills, short. 

. 101 

Drills, standard . . 

101 

Drills, undersize 

102 
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Drive, main spindle. 

Drive, variable-speed. 

Drives, electric spindle. 

Drives, pneumatic spindle. . 

E 

Edge-finder. 

Expansion, thermal. 

Experimental work. 

Extension plate. 

F 

Feed, auto. 

Feed, hand. 

Feed, vertical. 

Filing. 

Finish. . 

Form dressing. 

Form, generations of. 

Form Grinder. 

Form grinding methods. . . 

Forms, linear. 

Flat plane. 

Fringes, circular. 

G 

Gage blocks. 

Gage caliper. 


Page Page 

. 115 Gage, leaf taper. 106 

. 116 Gage, plug. 106 

. 120 Gage, telescopic. 106 

. 120 Gillette Safety Razor Co. 185 

Grinding. 30 

Grinding, arc. 145 

Grinding, chop. 131, 145, 157 

98, 125, 140 

Grinding, contour. 112,145 

. . . . 59, 122 

Grinding heads. 131 

. 81 

Grinding, internal. 128 

. 128 

Grinding, linear form. 161,163 

Grinding, outfeed. 128 

Grinding, plunge. 128, 129 

114 118 119 Griming spindle, path of rotation. 140 

114 118 119 Grinding, wipe. 128,129,145,159 

^ Guide rods. 114 


. 51, 52 

ij 

128, 129 

^ 7 Heating element. 63, 123 

Height gage. 28,30 

24 > 170 Hole Hog. 102 

163, 180, 215 Holes, Jig Grinding of. 125, 127 

162, 173 Holes, shouldered. 132 

^ Holes, small. 134 

^ Holes, tapered. 113, 133 

Housing, main spindle. 114, 122 
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Inch, definition of. 36, 39 

Inch, disagreement of. 39, 40 

Indexing. 173 

Indicators.92, 98, 99, 125, 140, 159, 199 

Infeeding. 139 

Inspection. 83, 193 

Instability, temporary. 59 

Interchangeability. 81, 162 

Interferometer. 44, 50 

Interlock, electric. 120 

Internal grinder. 81 

International Prototype Meter. 38 

Invar. 63 


Page 

Line-finder. 99 

Line standards. 38 

Link, drive. 114 

Link, inclinable. 115 

Locating service. 69 

Location, basic operations, toolmaker. 27 

Location, dimensioning of. 20 

Location, improvised methods. 27 

Location, Jig Borer, Jig Grinder. 55 

Location, new concept of. 19 

Location, problem of. 19 

Locational accuracy, economic aspect of. 24 



J 


Jig Borer 


. 24, 173, 195 

Jig Boring 


. 79 

Jig Grinder. 


. 24, 109, 195 

Jig Grinder, misuse of. 


. 56 

Jig Grinding. 


. 110,111 

Jig Grinding contours. 


. 139 


L 


Lamination die 


. 24 

Lapping, quill 


. 59 

Layout. 


. 27 

Layout. Jig Borer 


. 71 

Lead screw, advantages of 

. 55. 57, 63, 140 


M 


Machining. 100 

Magnetic chucks, inclinable. 173 

Mandrel, diamond-charged. 121, 128. 134, 135 

Mandrel, wheel. 129 

Martensite.66 

Measurement, angular. 50 

Measurement, caliper. 106 

Measurement, contour. 140 

Measurement, plug gage.106 

Measurement, telescope gage. 106 

Measuring Machine. 24, 196. 209 

Measuring system. 56, 84, 88 

Mechanical measurement of end standards . 44 

Metrology. 19, 36 


Linear ball bearings. 60 Michelson 
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Microscope. 100, 164, 195, 205 

Models. 81,217 

Motion, planetary. 112, 127, 139 

Motorized Centers. 173 

Movement, linear. 59 

Movement, relative. 59 


N 


National Bureau of Standards.36 

National Physical Laboratory. 36, 53 

Nickel iron, 36%. 63 


o 


Parallels. 91, 125 

Parallels, extension. 91 

Performance accuracy. 58 

Perpendicular. 35 

Pickup, dimensional. 98, 125, 173, 199 

Pins, pivot. 113 

Plane, horizontal. 57, 58 

Plane, vertical. 57, 58 

Planer gage. 28 

Plate, extension. 128 

Plugs. 81 

Plunge grinding. 128,129 

Polar coordinates. 73 

Polar coordinates vs. rectangular coordinates. ... 11 


O'Donnell, T.J. 50,53 

Oil film. 60 

Optical measurement of angles. 50 

Optical measurement of end standards. 44 

Ordinates. 71 

Orientation, workpiece. 84, 91, 125 

Outfeed. 115,139 

Outfeed grinding. 128, 139 

Out-of-round. 130,201 

Over-travel. 117 


P 

Packing, U-cup. 118 

Panto-Crush Wheel Dresser. 168, 185, 216 

Parallelism.91 


Q 

Quill. 88 

R 

Rack. 88 

Radii. . . . 109, 139, 143, 144, 149, 173. 179, 194, 204 

Reamers, end. 102 

Reamers, rose. 103 

Reciprocating stroke.127 

Reciprocation, power. 116 

Rectilinear recorder. 48 

Reference. 58 

Relative movement 59 
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Reservoir. 118 

Ring, graduated. 120, 150, 152 

Rolls, crusher. 166, 168, 187 

Rotary table. 96, 125 

Rotary table, measurement of accuracy of.51 

Rotary table, related to polar coordinates. 74 


Rotation, main spindle. 139 

Rotation, workpiece. 91 

Roughing. 101, 107 

Rubbing. 64 


s 


Scales. 71,125 

Scraping, surface plate. 35 

Scraping, ways. 58, 64 

Screw, lead measurement. 45 

Screw, lead or micrometer. 44 

Scriber.28 

Seal, compensating fluid.118 

Seal, piston rod. 118 

Setting, angular arc 120 

Settingup. 91, 125, 173, 197 

Setup blocks, parallel .91, 97, 125 

Shaft, flexible.116 

Shank, tool 88 

Sine bar. 95 

Sine plate, micro. 95 

Skin, decarburized 109 

Slide, dovetail 112, 115 


Slide, vertical. 

Slot grinder.. 

Slots. 

Speed, grinding. 

Speed, spindle. 

Speed, wheel. 

Spindle. 

Spindle, control. 

Spindle, hollow main. 

Spindle, horizontal. 

Spindle, main assembly. 

Spindle, pneumatic. 

Spindle rotation, hand. 

Spindle rotation, power. 

Spindle speeds. 

Spindle, vertical. 

Spindle, wheel. 

Spotters. 

Square, blade. 

Square, cylindrical. 

Standards, end. 

Standards, inch. 

Standards, line. 

Standards, linear. 

Standards, national. 

Standards, primary. 

Standards, screw. 

Standards, secondary. 

Standards, wave-length of light 
Slock removal. 
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. 38 
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. 38 
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Stops, adjustable. . . 

Stops, depth. 

Straightedge. 

Stroke, reciprocating 

Stud grinding. 

Stylus. 

Surface gage. 

Surface plate. 

Switch, selector. 


T 


Table size. 

Table travel. 

Tangents. 

Taper. 

Taper formula. 

Taper setting. 

Template. 

Template-making. 

Thermal expansion. 

Thermal expansion, causes of 
Thermal expansion, cures for 

Threads, screw. 

Three-plate method. 

Tolerance, expression of. . . . 

Tolerance, zone of. 

Tolerances. 

Tool change. 

Tools, sweeping. 


Page 


120, 140 Transfer, line to end standards 

. 127 Transfer, location. 

. 92 Transition error. 


116, 118, 127, 165 

. 140, 156 

. 165, 168 

28 V-blocks. 

. 35, 193 Valve, by-pass. . 

119 Valve, flow control. 


Valve, four-way solenoid. 
Valve, pressure-sensitive. . 
Valve, three-way solenoid 

. 88 Variable speed drive. 

. 87 Vernier, fixed. 

109, 173 Vise, precision. 


109, 113, 130 

. 135 

. 113, 133 

165, 167, 173 Wear, cause of. 


w 


173 Wear, definition of. 

21, 59, 61 Wear, effect of. 

62 Wear, prevention of. 

. 63 Wear, rate of. 

. 204 Wear-resistance. 

. 35 Wheel, abrasive. 

. 206 Wheel balance. 

207 Wheel choice. 

. 81 Wheel, diamond. 

. 87 Wheel, diamond-charged . 

. 102 Wheel dressing. 
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Wheel dressing, horizontal-spindle. 147 

Wheel, resinoid. 166 

Wheel, speed. 127,130 

Wheel, vitrified. 166 

Wiggler. 99 

Woodworth circular tables. 225 et seq. 

Woodworth circular tables, 

relationship to polar coordinates. 76 


X-ray diffraction. 69 

Y 

Yoke. 114, 115, 116 

z 

Zero lines. 71 
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